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JFOREWORD

During the past decade, countries throughout the world have evi-
denced increasing interest in science education in the public schools.
This report by the Office of Scientific Persoanel of the National Academy
of Sciences—National Research Council examines the general philosophy
and principles of science education with pacticular reference to use of
the laboratory, and offers suggestiorss for application of these principles
in the planning of secondary school science programs both in the United
States and in areas of the world less technologically cdvanced.

Recognizing that no single set of equipment or specifications for
facilities will sezve all countries and all regions equally well, the report
reviews the fundameatul principles of program development and demon-
steates the vital role of the Isboratory in strengthening science teaching.

It brings together the ideas of scientists who have visited South
and Southeast Asian countries and of some who have been active in
programs revitalizing science education in the United States.

An advisory comnittee was sppointed, consisting of: Randall M.
Whaley, Wayne State University (Chairman) ; Harold Coolidge, National
Academy of Sciences—Nationsl Research Council; Beatley Glass, The
Jokns Hopkias University; Robert B, Henze, American Chemicsal Society;'
William C, Kelly, American Instituts of Physics; Ellsworth S. Obourn,
U. S. Offics of Education; and William A. Wildhack, National Bureau of
Standards. Charles L. Koelsche, University of Georgis, spent several weeks
in South and Southeast Asia to provide additionsl background information.
Francis B. Dart, University of Oregon, and Robert C. Seebbing, University
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of Californis at Berkeley, visited seven countries of South and Southeast
Asia during January and Pebruaty of 1963 to discuss 4 provisional draft
of this report with scientists, science teachers, and educational officials
in that area, whose commerts were most helpful in clarifying 2 number
of points in the manuscript. Assistance in assembling and drafting some
of the materisls of the r2port was provided by Ralph W. Lefler and Joseph
D. Norak, both of Pardue University,

This report was prepared with the assistance of a grant from the
Ford Foundation.

M. H. Trytten

Director i
Office of Scientific Personnel

May, 1963
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INTRODUCTION & SUMMARY

Making recommendations for educational change is a hazardous
undertaking. Certain elements or procedures may be suggested, however,
which should be considered in planning new programs or in organizing
new materials and courses. Detailed prescriptions designed to meet specific
objectives at a particular time and place can result ultimately from such
an approach. Success will depend in part on a frank and objective appraisal
of problems. Desirable long-range goals will have to be broken down
into a series of realizable intermediate objectives reached by effective
matching of resousrces and needs. It is within this broad framework that
the present report has been developed.

The report discusses the rationale for the laboratory as an integral
and indispensable pait of an effective course in science. This leads into
a brief analysis of three basic elements to be considezed in planning for
the laboratory—namely, the student, the teacher, aud the facilities and
equipment. Finally, reference is made to some of the major curriculum
projects which have in the past few years made significant changes in
secondary school science in the United States, Objectives of these projects,
examples of their work, and in particular their viewpoints and actions
concerning the laboratory are reviewed.

‘The recommendations include some that are general, and that should
be applicable wherever improvement in laboratory instruction is sought.

From the various detailed recommendations, the following were
selected as basic elements in any plan for developing effective laboratory
work as part of a science course.

1. The teacher is central. Neither good equipment nor excellent
facilities will result in effective use of the laboratory if the teacher does
not have an adequate understanding of the science and the essential role
of the laboratory in science instruction.

Extraordinary effort should be directed toward revitalizing the
education of new teachers, and devising special activities to help present
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teachers gain more insight iato modern science and its dependence upon
free inquiry exercised in laboratosy work by studer.s themselves.

2. Planning for new courses and for laboratory facilities and equip-
ment must include detailed and continual participation by professional

. scientists from outside the school syster. A successful course in science.

should help students aoquire a view of ._ence as an effective intellectual
process of inquiry leading to a body of powerful and useful concepts.
This cannot occur if the content and the approach do not reflect accurately
both the current content of science and the way in which scientists
constantly enlarge and sevise our store of knowledge. Collaboration of
professional scientists, educators, and teachers is imperative in all phases
of planning for course content, laboratory facilities and equipment, and
programs for teacher education.
3. Simple, well-designed, functional laborztory equipment may not
be less expensive than complex apparatus, but it is always preferable.
4. Administrative mechanisms, educational activities for teachers, and
investment in large-quantity manufacture of laboratory materials, should
all reflect a fundamental decision that periodic reviews are essential,
Scientists, science teachers, administrators, and educators should participrte
in these reviews. Science is perhaps the most dynamic of human endeavors.
This must be acknowledged and reflected in the teaching of science.
Flexibility to allow for pilot experiments, for new course materials, for
use of various approaches to teaching should be built into the system.
5. It is very important to ensure that student examinations do not
become an end in themselves. They should remain a means for main-
taining minimum standards and they sheuid always allow enough flex-
ibility to make experiment and improvement possible. Ideally, the exam.
ination system should be so closely jategrated with other aspects of teach-
ing that it both provides for the experimeatal development of new content
and new teaching methods and acts as an incentive toward adoption
of tested improvements. Inflexible examinztions tend to promote inflex-
ibility in course content. - ,
No single method should be relied upen to achieve the desired results.
No pasticular sequence of steps will ensure success. Concurrent action for
the improved training of teachers, participation of scientists, selection of
equipment, flexibility of programs, and adjustments of syllabi and exam-
inations should provide marked progress in science education,
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'L SCIENCE EDUCAT’ON AND THE
ROLE OF THE LABORATORY

A. THE RATIONAILE FOR THE LABCRATORY
L. ThePurpose of the Laboratory

We shall consider the laboratory portion of a course in its functional E
relation to the course as a whole. Cut of funciivn grows & description of
what the Jaboratory should provide ifi equipment and facilities—the
open field where nature cen be observed; the room equipped with
apparatus for conducting experiments and testing observations. ‘We trust
that it wiil become clear that the function has far more sxgmﬁcance than
the practical application of the lessons learned. :

Alternative means, or preferebly a combination of approaches, can
be used to provzde the student with opportunities for deepening his
understanding of scieuce through laboratory work, Experimentation may
be conducted by individuals or groups of students, by demonstsations by
the instructor, and in part by use of specially prepared films, slides, or
film strips. Primary attention in this teport will be directed to facilities and
equipment intended for use by students themselves, singly or in groups.

One of the important functions of the laboratory is the deepening
of a stadent’s understanding that scientific and technological concepts
and applications are closely related to his own natural environment,

The lzboratory in a science coutse is concerned with a combination
of facilities and techniques that will enable the student to observe natural
phenomena with a discerning eye, to make measurements and analyze
the data recorded; and to engage in free-ranging investigations that do
nor necessarily have a predetermined ead. The value of these experiences
will in large measure depend upon their relevance to the other portions
of the course of instruction, to the functions they setve in the cousse,
and to the objectives set for the course as & whole. It should be emphasized
that the laboratory is an integral part of the course of inswuwiceion, related
inherently to class discussions ard text materials. Examinations should
. test for understanding and competence developed in Ishoratory experi-
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merts as well as for materials presented and discussed in other phases of

instruction,

2. The Natuyre of Contemporary Science

Much of what has been justly criticized as inadequate or inappropriate
instruction in scieace today, including laboratory work, results from 2
widespread miscorception of the natare of science. Criticism of science
educadon has been vigorous in recent yeass, with resulting massive pro-
grams for revitalization. The chacacter of the changes under way in the
United States, by way of example, and of the recommendations that ase

made later in this report car perhaps be better understood in the light of -
" the significant evolution that has taken place in science' as 2’ method of

inquiry, while it has continued its growth as a body of knowledge about
life processes, matter, and energy in our universe. -

No longer the {ehﬁvely passive cccupation of a-few individuals
recording and classifying their observations of nature, science has become
a powezful process of inquizy, making possible the scarching out,
identification, and soluticn of diverse and complex problems.

The nature of science teday is perhaps more sharply revealed if
compared with its earlier phases. The great Greek philosophets were
also systematic observers of natural phenomena. Unfortunately, the
interpretations of nature stated by Plato, Aristotle, ard otisers were accepted
nnconditionally in the Middle Ages as irrefutable law. Scieace Hecame
merely an extended seagch for more absolute truths, Oace arrived at,
such absolute truths were endowed with an aura of authority which
inhibited and even hterally blocked free and searching inquiry for
centuries,

Not until the sixteenth century did the irrepressible curiosity and
skepticism of Galileo make 2 break with authoritarian science and open
the flood gates to new experimentation. Newton, Priestley, Linnaeus,
Darwin, Maxwell, and mauy others followed, deriving new laws that
stood on a foundation of objective observation and analysis. So successful
was experimental scienice in the next 300 years that a comfortable notion
evolved that all nature in principle was run like a well-oiled machine,
with a set of basic, understandable laws to explain operations and
relationships.

This heritage profoundly influenced science education, particularly

d




laboratory work as part of a course. Essentially, faboratory assignnients
became merely exercises to verify laws or tules.

Alternatively, the laboratory was viewed by others as showing the
sractical side of science, divorced from and having less prestige than the
theoretical or, by implication, “impractical” patis of the course.
 Science courses demonstrating the validity of well-established laws
withoue giving evidence of continual evolution and growth cannot help
but lose contact with new concepts coming out of research laboratories
and out of the intellectual struggles of theorisis. Also, this approach fails
to develop in students the sense of excitement that comes from discovery,
from distilling out of independent measurements thé ccmmon elements
which ‘make up a new generalization and perhaps ultimately a new theory.

Contemporary science, if adequately and honestly portrayed in cousses
of instruction, demands much of the laboratory, for science of the
twentieth century is 2 dynamic enterprise that flourishes because new
questions are asked and new leads sought in experimentation. Sometimes
the information obtained results in drastic modifications of previous
theories or generalizations. Significantly, in this century scienice is. not
thought of as resting on a body of absolute truths or laws, but rather on
an acceptance of a degree of probability or of approximation in cur
interpretation of phenomena and our descriptions of relationships. Al-
though the special and general theories of relativity, quantum theory, the
uncertainty principle, and the nature of gene-change proved to be giant
steps forward in our comprehension of macroscopic and microscopic
phenomena, they also injected a new understanding of boundary conditions
for the applicability of laws and theories, They underscore the essential
dependence of science, as a continually evolving enterprise of the human

mind, upon careful experimentation, upon more and more sophisticated
work in the laboratory. The Iaboratory, in all its variable forms, is thus
esséntial for future developments in science. It should be so represented,
as an integral part of instruction in science.

In the laboratory the student can be taught more readily to be
discriminating in observation, to evaluate svidence or data, and to sense
the imporsanée of care and skill in the teking of measurements.

In the laboratory the student should develop the contemporary view
of the limitations of measurement, of inherent uncertainty, of the pos-
sibility of achieving only better approximations to what will ultimately
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be accepted as most likely values. But with this must be coupled an
appreciation for the cortinuing vtlity of such measurements, because
one can know the limits of their applicability or of their exactness.
Similarly, the continuing usefulness of cerwain scientific “laws” can be
demonstrated through application even if they fail to account for all
phenomena, for example, in the microscopic domain.

3. Implications for the Laboratory from Studies on
Lecrnsng Processes

The role of the laboratory and its potential for contributions to
science education cae, in part, be clarified by teference to 2 few findings
from research on learning processes.

Research in the last half century has refined the concept of transfer
of training and shown that it applies only within related fields. The wide-
spread use of mock-ups in electronics and Link trainers in aviation is
based on the fact that skills and understanding gained from model systems
can be transferred effectively to actual practice in full-scale operations.
The laboratory can provide students with an understandisg of procedures
for scientific investigation, including control of certain variables, carefal
observation and recording of data, and the development of conclusions.
In essence, the study of science through laboratory experience serves a
dual function, The student learns the concepts and facts of the science itself
and, in addition, learns how to grow in his knowledge and undetstandmg
of science.

Of more significance, however, for the planning of laboratory work
are results of classroom experiments conducted over the last fifty years.

‘These deal with the concepts of readiness, motivation, and structure. They

have application for the teaching of science at all grade and age levels;
they deal both with the nature and organization of the material to be
taught and with the procedures for effective learning,

Concerning readiness of a pupil to learn, Bruner has written:

We begin with the bypotbesis thas any subject cam be taught
effectively in some smiellectually bomest form to any child a3
any stage of developmm. It s & bold bypothesis and an
essential one sn thinking about the mature of & curriculum.
No evidence exisis to contradict it; comdcrable evidence ss
being amassed that supporss is.




. .. Rescarch on the intellectual developmens of the child
bighlights the fact that at each stage of development ‘the
child bas @ characteristic way of viewing the world end
explaining it to bimself. The task of teaching & subject to
& child at amy particular age is ome of represeniing the
structure of that subject n terms of the child’s way of
viewing things. The task can be thought of as one of trans-
lation. The gemeral byposhesis that bas just beem stated is '
premised on the comsidered judgment that any idea con be
sepresented homestly and usefully im the thought forms of
children of school age, and shat these first reprosentations can
later be made more powerful and precise the more easily by
virtue-of this early learming.t

Differences in environment and expericace are to be found even
for children in the same family. The differences are much greater between
children of different families or communities, and enormously greater
for different countries and cultures. The central problem, therefore, is
that of determining course content and procedures which will effectively
match the student’s present capabilities with his potential for concep-
tualization of ideas. .

Most children are ready to modify, enlarge, and deepen their
concepts of matter, energy, living, etc. The task of the teacher and the
curriculum developer is to determine what kinds cf experiéncs (emotional
as well as cognitive or intellectual) are appropriate for a specific child
or group of children at a given time and place.

By way of illustration, consider a variety of treatments for the
important concept of energy utilization by living things. Children can

soon identify eating as related to vitality, energy, ability to run, play, .

and perhaps to work. The relationship of eating to compound synthesis
and thus to growth and maintenance of the body is more subtle. Children
who have suffered or are suffering from insufficient caloric intake may

- uriderstand the relationship of food to body emergy. It may be more

difficult to illustrate that plants require energy, though experiments can
be conducted with seeds from which some or all of the stored food has
been removed. If microscopes are available and students have sufficient
manipulative skill touse them (pethaps nine years old or older), capture

1 Numbered references refer to s list of references on page 43.
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of food by protozoans, formation of starch granules in Jeaf cells, and
similar observations can extend the range of experience demoanstrating
the energy requirement of all living things, As this idea is developed, one
can also enlarge on the child’s experiences to illustrate specific utilization N
of cerrain foods, such as vitamins, Application of this can be studied in

relation to maintenance of 2 healthy person, cow, or bacterial cell—the .
brick and mortar expenencs for structuring the idea or concept of f
homeostasis.

\ | Fundamentally, work in the laboratory, to have meaning and to’
! be effective, must take into account differences in level of student develop-
ment, environment, and experience.
Of equal or perhaps even greater concern is the psychological
problem of arousing in the pupil a desire to participate, to learn. This is
the problem of motivation.

Somewbere between apathy and wild excitemens, there is ax
- optimum. level of aroused astention that is idesl for class-
room activsty. What is ihas level? Fremzied activity fostered
_ by the competisive project may leave 8o pause for reflecsion,
» | for evaluation, for gemeralization; while excessive orderliness
with each student wasting passively for bis turs, produces
boredom end ultimate apathy. There is & day-to-day problems
bere of greas significance. Shors-rum arousal of interest is not
, | the same as the long-term establishmesnt of interests in the
broader sensz, Fiims, andsio-visual aids, and otber such d>vices
may bave the effect of catching attension. In the long rum,
they may prodsce & passive persom waising for some curiain
ta go up 2o arouse bim.b

Among the important concerns in motivating students to learn is
the apparently autocatalytic nature of learning. An emotionally satisfying,
successful learning experienice is one of the strongest incentives for
continued learning. It is here that the laboratory holds great potential. A
pupil who discovers that an electric current in a wire around an iron core
can induce a magnetic field in the core, and conversely that & moving ¢
magnetic field can inducs aa electric current in a surrounding wire, has
grasped an important relationship between electricity and magnetism, If
the discovery was made with the student maneuvering the coils, magnets,
and meters, it is likely that he experienced considerable emotional

5 - . L
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initial laboratory experiences {or to build on previous expetiences) which

do result in student involvement in an emotionsily and inteliectually
manner.

It should be stressed that this approech is almost the satithesis of
much conventional science instruction. Students Jearn “the righc-hand
nﬂe,"notasamultofexpeﬁencswithooilsmdmagneu,bntasa
“law” 0 be memorized for the next examinstion. It is very improbable
that this kind of “learning” will be autocatalytici Much of what follows
in this report is an attempt to suggest ways of involving students in
learning science which can increase their intrinsic desire to learn (as

contrasted with the extrinsic motivation supplied by examinations and

competition). The major problem in science teaching is to find ways to
present opportunities for pupils to learn important facts, principles, and
major ideas in science; it is not to find more intricate and demanding
examinations and to set these as primary motivators.

Establishing the role of the laboratory in the science program involves
not only knowledge of bow the material should be presented for maximum
effective learning, but also wha# the students should iearn. The content of
science courses has failed to keep pace with the enormous advance in
the sciences over the past two or three decades. In most schools, physics
hasbeenpmmdwithoutthesuggesﬁondmtqummmthee:yhasbeen
developed; chemistey is taught as though the mechanism of bonding were
never studiad, and biology courses frequently omit the nature of genes
and gene action. This iag between science teaching and the frontier work
in science is a legitimate concern, and is lasgely the reason that ‘there
are now in the United States several important groups cf scientists,
educators, and teachess engaged in the process of defining what we should
teach in secondary schools. :

It has been the common concern of these groups in the several
sciences that students, in addition to learning the concepts of science,
should learn the processes by which scientific concepts were evolved and
enlarged.

Concepts may be regarded as complexes of cognitive, factual in-
formation, laced together by experience in problem solving, and over-
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laid with substantial emotional involvement. These components-—the
facts, experience with analysis and solution cf problems, and a sense of
etotional excitement—seem to be .essential ingredients for a school
science program if concept development is to occur even to a moderate
extent,
Such elements ate present in the work of a practicing scientist.

It is of some significance to conclude from studies on concept develop-
ment that an effective approach to science education would be to involve
the student as much as possible in the procedures followed by a scientist

_at work, to give the student some insight intc the methodology of

scientific inquiry, of the acquisition and interpretation of data, and of
the sense of excitement that comes from discovery.

B. ESSENTIAL ELEMENTS OF A PROGRAM OF
LABORATORY SCIENCE INSTRUCTION

1. The Student

Children are often described as being the same the world over.
This is trae in part. They play, mimic adults, and are concerned with
their own affairs and ‘development relative to others. This similarity,
however, doss not mean that identical programs of education would likely
prduce on the average comparable results with different groups of
young people. There are differences growing out of the variety of stages
of technologicai advance to ke found among different countries of the
world, or within a single country or region. A student’s ability to vnder-
stand & demonstratiop, a discussion, or an experiment will in part reflect
his prior familiarity with the materials, the devices, or the general utility
of the scientific fact.

The.scientific sophistication of a group of students can be assessed
through knowledge of their home environment, .the mores of their com-
munity, and the availability and use of various means of acquiring in-
formaticz - 4lms, radio, television, books, magazines, and newspapers.

In regions where economic and technological advance is rapid, young
perple are most likely to respond quickly to change—another reason
for continual review of the science curriculvsa, The content of the science

8




course and laboratory should not move too far ahead of the technology
“of the region, but it is equally a mistake not to reform and rebuild the
curricalum to acknowledge external changes as they occur.

2, ThePreparation of Teachers
a. Edscation

Yor hundreds of years men have sought to determine what makes a

good teacher. Are teachers simply born with the personal qualities needed,
or can an educational program effectively develop the knowledge, the
skill, and the personsl attributes that somehow are blended in the person
- of 2 good or superior teacher? .

" QOver the, past half ‘century or so, teacher 2ducation in the United
States and in many other countries has heen based on the defensible premise
that good teaching involves more than knowledge of the subject taught,
An unfortunate division of responsibility remlted from the attempt to
introduce methodology into teacher training. The teacher aspirant was
expected to acquire in a very few courses sufficient knowledge and under-
standing of the subject as taugbs in 2 traditioaal-subject department, while
ie learned methods of teaching, even of organizing the subject itself for
classroom presentation, in courses given by professors of education.

This pattern has proved disastrour ir: science educaticn because it
separated the professional scientist from the professional educator. Those
most knowledgeable and concerned about the science itself paid litele or
no attention to the legitimate problems of prospective teackess of the
subject. Those responsible for education as a profession  gradually
shouldered major responsibility for planning teacher education programs
and cbjectives, leading to an overemphasis on methods of teaching at the
expense of studies in science. Under such circumstances it has taken an
unusually perceptive and skillful person to develop an exciting and
challenging approach of his own to teaching, based on souind knowledge of
the content and process of science. The fact that such teachers so seldom
appear has been a cause of grave concern to both scientises and professional
educators,

The most promising move to improve teacher education has been
to restore once more the fealing of common concern and responsibility
between: scholars in science and professors of education for developing
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teachers of quality and competence. Constructive scrutiny and active
participation by scientists in seeking improvements in progsams of teacher

- education are already having' marked :ffects on the - jreparation of

secondaty school teachers, The vehicle by which this renewed collaboration
is being forwarded most effectively in the United States is complete
reappraisal of the science curticulum, primarily for the secondary schools.
This forces changes in the teaching of science at the college level, since
(1) secondary teachers will »eflect in their teaching the concepts and
methods by which they were taught, and (2) high school graduates will
ultimately demand college courses geared to their higher leveis of achieve-
ment and sophistication,

Planners of university science courses designed to prepare secondary
school teachers must recognize that the teacher may need to use relatively
modest laboratory facilities and equipment in geaching his objectives. No
single or presumsbly unique approach should be emphasized to the
exclusion of other possibilities. The ability to improvise, to adapt, or to
alter the level of sophistication of laboratory work must be derived
from a thorough understanding of the material to be studied and of
the nature of the science to be tanght.

To illustrate, consider again the example from biology discussed
earlier—the concept of energy utilization. The teacher in « region where
facilities are minimal should be familiar with techniques for demonstrating
that pea seedlings will survive for a shorter ¢ime with no cotyledons than
with one or both cotyledons.

Parallel experiments might be suggested to the students from which
a generalization may develop, e.g., stored food provides the sustenance
for germination and early plant growth. Further exploration of factors

. affecting ceed viability may stem from this topic, leading to an under-

standing of grain and seed storage problems, and acceptance of the
agricultural consultant’s recommendations for seeding at sufficient depth
to avoid drying, but not so deep as to inter the seeds permanently.

This same energy concept can be treated with more sophistication

where relatively elaborate equipment such as 2 centrifuge is available.
An experiment might include procedutes of extracting chlorophyll from
pisats with chromatographic separation, demonstrating that chiorophyll
can capture energy from only certain colors or wavelengths of light. The
suggestion might be made that, potentially, a physical system utilizing
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esseatially all the energy of the solat spectrum ‘might prove to he a better
energy source for man, than photosynthetic products, at least where other
energy sources are limited, ..

Both experiments help develop concepts regarding 2nergy storage;
both are appropriate for secondary school students. Selection from alterna-
tive approaches would be determined by the availability of resources and
the appropriateness to the cultural level of the community.

b.  Continued Professional Development

Continuous changes in the needs and character of their communities
and rapid and significant advances within science jtself require that teachers
of science actively continue their reassessment, of what and how they teach.
The significant scientific knowledge of the world is estimated to be
doubling approximately every twelve to fifteen years. The textbooks and
other new materials prepared by the science curriculum studies will have
to undergo a thorough revision withia less than five years from the time
of their publication. How long, then, can we expect teachers of science,
who have large classes and ineumerable educational obligations, to keep
their fund of knowledge and the content of their courses up to date? It
seems obvious that a radically new educational approach is needed if our
schools and! their curricula are to keep pace with the scientific, technological,
and cultural development of the world.

Many efforts have been initiated with this end in view: summer
science institutes, academic year and in-service institutes, refresher courses
for the teacher. All these efforts seem inadequate to meet the need. The
voluntary attendance of teachers at summer science institutes, supported
by the National Science Foundation-and developed on 2 larger scale than
any other measures aimed in this direction, tend 70 reach a relatively small
proportion of the teachers. Moreover, they do not reach those teachers
who most desperately need assistance, since the applicants who are accepted
are usually those with the highest qualifications,

Perhaps a time will come when science teachers will have regular
leaves of absence for a year or half a year, at intervals of four to six years,
to be spent in re-education and re-preparation for their professional needs.
Such a plan would meet with success, however, only if governments would
provide funds for the maintenance of teachers during their sabbatical
years. In the face of great shortages of science teachers at the present
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time, it may be wondered whether the requirement, under this plan, for
an additional recruitment of perhaps 20 per cent mote science teachers
than now exist would not present 4 insuperable difficulty. On the other
hand, the much more attractive character-of a teaching cateer under the
suggested plan would verhaps aid greatly in the problem of recruitment
of teachers. _

In one coustry, Japan, very considerable steps in this direction have
a'ready been initiated. Seminars for science education are being started
with the objective of retraining one-tenth of all elementary school teachers
and one-half of all secondary school sciznce teachers in five years, and
special science education research laboratories are being started in about
thirty national universities, where science teachers can be brought into
close contact with active scientific research and can gain deeper insight
into the nature and spirit of scientific investigation. Most radical is the
plan to develop “Science Education Centers” in each of the prefectures
throughout the country. Eleven such centers are already in operation and
eight more are currently under construction. Here specialized leaders in
science will work in conjunction with the universities and the Board of
Education in the retraining of science teachers. Retraining at the centers
will be mandatory for scheduled groups of teachers, but, in addition,
teachers muy attend more frequently on a voluntary basis.

The matter of prime importance in all such programs is the develop-
ment of mechanisms to keep secondary school teachers, elementary
teachers, and active university scientists in close and continuous com-
munication. Advances in our understanding of how people learn and
by what techniques they may best be taught may be fruitfully introduced
in the retraining program, too; but the greatest benefit will flow from

-+ the break-down of the basriers that have unfortunately grown up between

the teachers of science, on the one hand, and the practitioners of science,
the research workers, on the other.

3. The Physical Plant and Facilities

a. General Remarks

It should be emphasized again that a preoccupation with the material
and physical elements of a building or with the equipment of a laboratory
will not guarantee effective learning. The attitude, the understanding, the
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knowledge, and the motivation of the teacher are central. However, evea
the best tezcher must have facilities and equipment to teach effectively.

School buildings should be planned to provide taleated teachers
with the best instructional resources that can be made available.

Laboratory apparatus can be selected to reflect different leveis of
economic resources and still provide essential opportunities for students
to learn what can be:t be learned by direct experimentation and exploration
in the laboratory. Appasatus, materials, and equipment should be selected
because of their relevance to the course, to the function they serve in
developing concepis and an understanding of the process of sciesiific
inquiry, and to their value in motivating students to want to learn.
Relatively simple equipment, though not always less expensive, is usually
more effective than comglicated technical devices. Common sense should
dictate a proper balance between expenditures for relatively inexpensive
pieces which open the way for individual student participation, and for
a few expensive pieces which enable interested and able students to delve
more deeply into some experiments.

In general, most experiments can be performed with relatively in-
expensive equipment. However, a teacher using minimal equipment needs
to exercise great ingenuity in supplementing laboratory facilities. For
example, extensions and discussions of observations that can be made only
with a microscope providing adequate magnification give the student
some appreciation and understanding of the relation of structure to
function. The level of sophistication to which this comprehension can
rise is to some degree dependent on the quality and power of the instru-
ments at hand for student use. The adequacy of the equipment as well
as the scope of the laboratory can be extended by the use of slides and films.
With a background of some studeat experimentation, visual aids can
be used to bring new materials into view. However, appreciation of the
significance of measurements or demonstrations presented in such fashion
can be very limited unless there has been actual student participation in
other, less difficult experiments.

It should be recognized that the compound microscope has certain

limitations. For many purposes a low-power stereoscopic (dissecting)
microscope is more useful. Schools should try to divide th:ir purchases
between the two types.

13
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0. Guidelines

The following suggestions ate listed not in order of importance, but
in accordance with the order in wkich they might be considered in
planning. Some may appear to be obvious, and applicabié to schools
generally, but they are included to make cleas that no unique arrangement
or set of specifications is required, Effective work can be organized with
a minimum of facilities.

(1) Location. Consider possible sneed for expansion; is space available?
Are services such as power, light, heat, water, and sewer at hand?

(2) Cooperative planning. Classtoom teachers, architects, and school
administrative personnel should cooperate in planning the laboratories
and their relation tc other parts of the building. A scientist or science
teacher who had recently participated in science curriculum studies would
be of valuable assistance to ensure that new laboratories contain the
elements most appropriate to.the present functional view of the laboratory.
(3) Laborasory space. As available resources vary considcrably from one
part of the United States to another, and from country to country, the
degree to which the labcratory can be developed depends upon local
circumstances. The best available workmg space and facilities should be
provided.

Possibis future expansion should be considered in current planning.
Adequate light, ventilation, and heat if needed, are fundamental. Locked
space—a room o cabinets— s necessary for the storage of apparatus when
not in use. Work tables, either fixed or movable, should be provided.
More detailed suggestions appear in Chapter II.

(4) Speciai aids to teaching. In addition to blackboards, laboratory
manuals, and reference books, each laboratory should provide for circuits,
a screen, darkened windows, or other necessary facilities for using films,
film strips, and slides.

(5)  Relation to science course objectives and school brocedures. The
interrelationships of the lzboratory with other portions of the science
course should be continuously correlated. Special care should be taken to
ensure that the examinazions measure accomplishment in the laboratory as
well as factual material learned from texts and discussion. The relation of
the laboratory to the scheduling practices of the school must be considered.
Scheduling, lack of free time of students, laboratory petiods that are too
short, and inaccessibility of the facilities after hours will bear directly on
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the degree of success achieved even with a well-organized laboratory
facility.

¢. Possible Fuswre Trends

The present pattern of classes of unifor.a size has led to a standardized
building composed of multiples of nearly uniform rcoms. Principal
objections to this pattern are:

(1) A class of 30 or more students is too large for free discussion,
yet it is smaller than neel be for effective presentations by lacture or
demonstration.

(2) The use of lectures by special resource teachers, films, or even
television where available may be made before large groups, allowing
teachers more time for small group discussion and for small group or
independent Isboratory work. A school building planned for such schedul-
ing will necessarily differ from the conventional grouping of classrooms
and laboratories of essentially the same size and appearance.

(3) Independent student study and activities require work space and
facilities not found in conventional classrooms. Much worthwhile activity
must now be assigned as homework, even though conditions in the home
may not be conducive nor guidance easily available.

(4) A teacher’s student-contact time is fixed by traditional buildings
at approximately 123 student-contact hours per day, with almost no time
available for study and preparation of new material. Providing for in-
struction in various-sized groups might develop a more flexible schedule,
allowing an individual teacher or a school to make more effective use of
time and facilities.

(5) Experimentation with curriculum and classroom practices is
handicapped by a building of rooms designed for classes of equai size
since hypotheses must be structured to fit available space and time.

With a wide array of objections regarding the present 25-35 student
classroom uait, it is somewhat sutprising that this pateern continues. It
should be noted, howsver, that the present secondaty school pattern in
the United States does #0# continue in most colleges. “

We recommend that the planning of secondary school facilities
include a careful analysis of 2 wide varicty of instriuctioral needs. Even
if no dominant stereotype is developed, new school buildings in the
United States will probably include some of the following:
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(1)  An auditorium or large assembly room for instructional use _ f i
as well zs for general meetings of the student body. v |
(2) Smaller auditoriums or large classtooms for 70-150 students, B 4

|

| equipped for the use of visual aids, '

i (3)  Seminar or discassion rooms for 8-15 students each,

! (4) Swdy and/or work areas for 1 or 2 students per area. Such
| areas for laboratory wotk in science would differ from those used for
| language study. |
i (5) Adequate library space, including facilities for branch libraties {
in classrooms. 1

C. RECENT EXPERIMENTAL APPROACHES TO THE
SCIENCE CURRICULUM AT THE SECONDARY
LEVEL IN THE UNITED STATES . 1

Over the past twenty years, the public has evidenced a growing
uneasiness regarding science teaching in she United States, Most of the -
early concern was on the guansity of science taught, but recently criticism |
by scientists, secondary school teachers, and lay leaders has focused oa jts
intcrpresation. Science instruction has emphasized the products of science
with little or no attention to its processes or to the nature of the inquiry !
that results in scientific advance. Equally disconceriing, the content of
many courses was largely obsolete, important new advances being treated |
as an “extra chapter” tather than integrated into the total course structure, '

The aroused but independent concern of many individuals, with i
, support from foundation and private sources, broughe about :he initiation
of several programs for the improvement of physics, chemistry, and
| biology teaching at the secondacy level. Substantial funding by the
| National Science Foundation has made possibi the development of several
comprehensive programs in the sciences. The common feature of all these
programs is their direction by university scientists having knowledge and
experience in a growing field of contemporary science, and their involve.
ment of professional edrcators and science teachers,
| During the reriod, 1956-1959, several groups were o:ganized for the
| pupose of szviewing the status of secondary school science curricala, Four
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of the groups that have received National Science Foundation and other
suppoxt are:
‘The Physical Science Study Committee {PSSC)
The Chemical Bond Approach Group (CBA)
The Chemical Education Materials Study Committee (CHEM)
The Biological Sciences Curriculum Study (BSCS)

Each of these groups recognized that incorporating importaat
advances in the sciences into secondary school instruction required new
textbooks, laboratory guides, supplementary readings, and visual aids, A
review of the developments of these groups in physics, chemistry, and
biology illustrates the kinds of curriculum problems the groups met.
Comparable activity is under way in mathematics. :

The selection of these four groups for detailed discussion in no way
minimizes the importance of other new programs that have been developed
in the last decade, such as the excellent set of film lectures ia physics
prepared for secondary school use by Professor Harvey White of the
University of California.® This patticular film was designed to assist
teachers and, in emergencies, to fill instructional needs where teachers and
facilities were not available. Some similar films, produced within the
country of use, might be found useful in educating teachers and supple-
menting science instruction. Materials on other new courses age usted in
Appendix E,

1. Physics

For years, physicisis in the United States have becn uneasy sbout
the state of secondary school physics teaching, about the caliber of teachers,
and their training, and about the materials contained in texts and labo-
ratory manuals. Careful analysis of many texts, films, and classes in physics
provided the conclusion that little twentieth century physics was portrayed
satisfactorily in the secondary school course. As mentioned earlier in this
report, science has moved far beyond the stage of a ssatch for absolute
laws; leading to the contemporary view of the physicist which must include
quantum theory and wave mechanics, probabilitiss instead of certainties,
and a recognition that the process of science is an open-ended search best
taught by allowing the student to participate in the search.

In the summer of 1956, a group of physicists met at the Massachuses
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Institate of Technology to plan a program of action. With support from
+he National Science Foundation, the Physical Science Study Committee
(PSSC), under the chairmanship of Professor Jerrold R. Zacharias, was
created. _

‘The Committee found that textbooks in general were outdated, and
that those that attempted to incorporate new developments and an in-
creased emphssis on technology acquired 2 patchwork quality as well as
an incressing mass of materiel too large to be covered adequately in
a school year,

From -the beginning the group intended to prepate a new and
integrated program, based on a new textbook, laboratory manual,
experimental equipmaent, films, and supplementary reading materials.
They planned to present physics in a logical fashion, leading to formation
of concepts that develop the unity of science, and at the same time, to
«reat the subject as a significant intellectual and cultural activity having
value transcending the technological alone.®

In the preface to the PSSC text,’ Dr. James R. Killian writes:

Throughous, the student is Jed to realize thas physics is a
single subject of study. In pasticslar, time, space, and matter
cannot be separated. Furthermore, e sees that pbysics is a
developing subject, and that this developmens ss the smagi-
sative work of men and women like bim,

The laboratory performs a critically important function in the course.
'The experiments cover 50 topical aress and have necessitated the develop-
ment of new equipment and guide books as required to meet the objectives
cet. In the 1959 Progress Report,® the Committee wrote:

Even more thon the text, the laborasory program emphasizes
studens participaiion in the developmeni of comsepss. Siu-
dents siudy matural phesomena in situations which they
cveate with their owm bands. Laboratory work plays am
smporient role as & means of exploring & field before formal
definitions or laws are smtroduced. Here, studenss learn to
face questions withons enswers being immediately available.

In designing experiments for the laborasory program, the
Commsssee bas beew guided by the following objectives:
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. Experiments should be true experimenss and not rousise
accumulation of date tc agree with & result well kwows
% advance; '

2. Experiments should be performed, wherever possible,

with simple apparatus that can be quickly assembled by the
student;

3. Experiments should emcourage further work along sug-
gested lines and should lead to the comsideration of the-
oretical ideas growing from the experiment;

4. Experimenis should be guided by the sdeas already
developed.

The descriptive material accompanying each experiment attempts
to open doors for the student, without leading him step by step to an
inevitable conclusion or generalization. Prescriptions are avoided. The old
pattern of ~xperiment by filling in blank spaces or aumbers into an
equation is gone,

Clearily, there are some demonsirations or experiments which would
add much to the value of an introductory course at the secondaty school
level, but which cannot be performed because the equipment is expensive
or generally unavailable. Films in the PSSC program fill this need,
allowing students everywhere to benefit from carefully prepated demon-
s:oations. .

Reading the table of contents of the PSSC Laboratory guide (Ap-
pendix A-1) or a list of PSSC films {Appendix A-2) will not make

_bvious the differences between the PSSC approach and that which it
* is teplacing. For example, Chapters 20, 21, 22, and 23 of the PSSC text-

book are entitled, respectively: “Newton’s Law of Motion”; “Motion at
the Earth’s Surface”; “Universal Gravitation and the Solar System”; and
“Momentum and the Conservation of Momentum.” These titles are not
really different from what might be found in 2 conventional text. The
difference lies in the organization for development of ideas. To illustrate,

the following is vaken from page 327 of the chapter on “Motion at the
Earth’s Surface”: T

When we remove she air, we find 1bas ol objects, regardless
of shape or demsity, fall with the same acceleration &t «
porsicslay po.n‘h’qn near the earsh’s surfuce. Furtbermore,
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becouse g does wot chemge direction or magwitude apprecs-
ably unless we move through distances comperable with the
size of the esrth, the acceleration ss closely the same for
objects falling anywhere within & room, within a building,
city, or evem ¢ state.

The words underlined in this quotation are what distinguish this
material, and others like it, from what would be found in most other texts,

The importance of relating theory to experimental observation and
the laboratory is repeatedly brought out in the text. On page 268, the
chapter on “Waves and Light” says:

Our study of refraction and dispession clemly shows that the
wave piciure of light succeeds where the corpuscular picture -
fails, Yes the corpuscular picture predicts corsectly that light
should propagate in straight limes end cast sharp shadows.
Con & wave model also account for these properties of lighs?

This is followed by experimental illustrations, including laboratory
work in which a ripple tank is used to demonstrate some properties of
water waves which have implications for the behavior of light.

The experience of those responsible for planning and trying out
the PSSC material lends support to the proposition that the "laboratory
must be an integral, and pethaps the most important, part of a course in
science at the secondary school level. Further, the experiments should be
simple in material and equipment requirements, but sophisticated in desien
to allow students to sense the excitement of discovery.

2, Chemistry

Reviewing the steps that led several chemists and teachers to conclude
that a radical revision in the contert and approach to the teaching of
chemistry was long overdue at the secondary school level, would show
findings essentially parallel to those of biologists, physicists, and math-
ematicians. The content of courses and the approach o teaching chemistry
simply did not reflect the present state of knowledge or understandin; of
scientists active in research and advanced studies, Emphasis on mernori-
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zation of facts, formulas, processes, and compounds not only failed in the
typical secondary school coure> to develop the unifying concepts that lace
the scieace together, but they did not generate in the student a feeling for
scienice as a continuing and open-ended search, )

One of the unifying concepts in modern chemistry is that of the
nature of the bond that binds atoms together into compounds of various
kinds and characteristics. This bond was, for a long time, merely indicated
by a line or lines between the symbols for the chemical elements, but the
nature of the force or bonding mechanism was completely obscure. With
the advent of quantum theory and wave mechanics in physics, great strides
were made in establishing 2 useful working hypothesis concerning the
movement of elecirons around the atoms and their role in providing
the chemical bond between atoms. \

Several chemists considered this unifying concept as one around which :
an effective and stimulating course in chemistry could be built, In response ,
to a specific suggestion by Strong and Wilson in 1958, the National |

- Science Foundation made a grant to a group which subsequertly became !

known as the Chemical Bond Approach (CBA) gtoup. The underlying . |
convictions and objectives of these chemists and teachers are indicated
in the CBA Newsletter for February 1961:

If there is any one characteristic of the basis for CBA Chem-
sstry, st is probably the belief that chemistry s inberently
fascinasing and thas this fascination cen be sceis by students
early sm thesr exposure to the subject. ‘Lo veveal the fascina-
s5om, it is not enough, however, 2o bave the student memorize
the data of chemistry. Indeed, we 12041 argue thas chemistry
#s more sban she facts which make up she informasion pos-
‘ sessed by chemists. Ratber, chemisiry as practiced is a power-
- ful process for uncovering and extending natural phenomena.
: The power resides in the combination of ideas and facts or .
of comcepts and experiments. As the sisident finds himself
able to particihate in the process, be also finds fascination.

N i
".'wiev‘ﬁ‘ '

Of particular relevance to the concerns of this report is what the
group has to say about laboratory work by students. To continue with
the above quotation:
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The course, them, is organized to aid the studest in bis
study of the interacsion of comcepinal schemes with obserya-
tiow and experimens, Perbaps the best part of the cosrse i
which to see this is the laboratory work. Successful leboratory
work i1 the CBA program means that the student not only
collects data im the laboraiory, but be also applies sdeas to bis
data, The laboratory experimenss are presensed as problems
to be explored or, if you wish, as puzzles to be soived. In-
sofar as possible, it is left to the student to decide what
snformation be meeds to solve the problem. 1deally, some
information should come from the laboratcry and some from
the liserature, These are fisted into & logical scheme based on
& set of assumpsions and often some mensal model. Logical
reasoming leads 1o a reasomable sol-tiom to the problem. In
most cases, either the solution to sie problem or some of
the difficulties will sugge.: still other paths to be explored.
Where time axd facilities permit, the student is encoaraged
to follow up such “extensions” as may intrigue bim. A good
many students seem t0 get real sasisfaction out of su.b further
explorasions . . . In such a sessing, it is important to note
thas laboratory experiments do not automatically lead to a
predesermined result known omly to the teacher, It is the
ability of the student to follow and even to construct a line of
cxgumens that is the ballmark of good work . .. Our main
criteria for am effective laboratory experiment are: it should
b fisted tightly into the text so that it makes am important
consribution: to the patiers of the course; it must involye
both the acquisition of data by the siudent and she execution
of @ logical argumens, and it should become ome of she
threads im the course which comtributes to at least a few
subseqnent discussions.

As with the materials for the physics course, extensive trials in
secondary schools across the United States were carried out, and revisions
in the texts and experiments suggested,

The Laboratory Manual Table of Contents is reproduced as
Appendix B

A second group of chemsists, also with support from the National
Science Foundation, began work eacly in 1960 to design a somewhat
different set of materials for high school use, ‘This second group, which
became known as the Chemical Education Material Study (CHEM Study),
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developed a textbook and laboratory guide which was used on an expeti-
mental basis in twenty-four high schools during the academic year 1960-
1961. The content of this course, jike the CBA course, differs substantially
from that presented in conventional high school chemistey textbooks.

The deplorable state of high school chemistry courses was, in the

" words of Dr. Glenn T. Seaborg, Chairman of the CHEM Study group,

the result of:

« o o bthe surprising and persistens gemeral Zack of interest in

bigh school chemistry and lack of commumication with bigh

school teashers and admimistrasors om the part of college

professors of chemistry and professional chemists, This

situation bas gone om for decades, and bigh school chemiszry
. courses of the recent past are an ugly monument to i,

Happily, there are sseny ex:amples of a rapid change for the
betier, including participation of the Americas Chemical
Society mationally and through its local seciions.?

The CHEM group, like the others, represents a collaborative approach
of university scientists, teachers, and educators—an approach that has
fully proved its effectiveness. In this instance, the objeciives included not
only the production of a new text, but new laboratoty evperiments,

manuals, films, and supplementary reading materials, From the beginning,
Dr. Seaborg says:

We decided .-, . to bave the Eizh school chemisiry courses
strongly based om experiment and to bove the 2est sboroughly
dependent upon sud insegrated wish laboraiory experimests,
with the suppizmental use of integrased films whenzsyver shey
would be belpful,

The CHEM Laboratory Manual Table of Conteuts is reproduced
as Appendix C-1, and the CHEM film list as Appendix C-2.

3. Biology

The changing chaseszsr of biological ‘science is a major factor in
cutriculum development. Advances in understanding of living things are
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dependent upon advances in related sciences. Until developments in
chemistry and physics 2volved useful generalizations regarding matter and
energy, biology could be little more than a description of living organisms;
a penetrating analysis of what makes something alive was not possible.
Contemporary secondary school biology books reflect very few of
the rapid and recent advances in biology. The wide gap between the
science of biology as it exists in the research laboratories, and the science
of biclogy as it is presented o secondary school students, led to a new
program for the development of matesials for teaching contemporary
biology in secondary scheols. With suppost from the National Science
Youndation, the American Institute of Biological Sciences established
the Biological Sciences Curriculum Stady (BSCS), After a year and a
half of preliminary work, the BSCS, in the summer of 1960, gathered
together teachers, reseazch biologists, and curriculum specizlists to produce
pew materials for high schoo! biology instruction. Dr. H. Bentley Glass,
Chairman of the Biolcgical Sciences Cusriculum Study, described the
purpose of the study in a Ietter to the New Yozk Times of July 16, 1960.

The BSCS and its parent organization, the Americacs Instiiute
of Biological Sciences, are concerned %ot only with smprov-
ing the subject-matter being presented under the iitle
“biology” but also with the mammer of prosestation, the
emphasis asd the Facus. . . .

As the BSCS works on the bigh school biology prograsm, we
bope ihat biology—and sudeed &1l sciesce—will be presented
as an unending search for mseansng, rather ihan as a body of
dogms . . . our sain objective is 2o lead each studemt io
concsive of biology as & sciessce, and of the process of science
as a reliable me:bod of gaining obiective knowledge.

T'o & very great extent she key 1o this understanding lies in
meaningful laboratory and field study which incorporates
Eonest invessigstion of real scienvific problesns. However,
today, what commonly passes for “lab” is cftem rouiine cook-
book-type exerrises or & mere naming of séruciures on
drowings and answesing of questions by looking them up in
3 sextbook. . . .
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The aim of the BSCS #s to place biological kuc:cledge im its “
fullest ssoderss perspective, If we are successful, stwdents of '
the sew biology shosld acqusre nos only an snsellectual and .
esthetic appreciasion for the complexities of living things

and their interselationships sm nasure, but also for the ways in

which new kmowledge is gained and tested, old errors

eliminated, and am cver closer approximation to truth

attained.

Until recently, the availability of teaching materials dealing with
recent advances in biology has been very limited. The typical biology
teacher was faced not only with inadequate textbooks and other materials,
but also with inadequate training. College biology curricula for secondary
school teachers have been primarily in terms of nineteenth century biology,
and most teachers, even if recently trained, had learned little or nothing of
the important advances since 1940,

With the assumption that moderu advances in biology are significant
and important for secondary school teaching, the Biological Sciences
Curriculum Study set out to prepate new material which would present
a much more unified and up-to-date treatment of biology for secondary
schools. Three versions of high school biology textbooks and luboratory
guides were prepared. The materials for these three somewhat different
courses were bound with different colored covers and identified by colors.
‘The Green Version was written to give greater emphasis to ecology. The
central concern in this version is the interaction of populations, com-
munities, and the world biome. The Yeilow Version places a somewhat
greater emphasis on the cellular approach to plants, animals, and micro-
organisms. The Blue Version eraphasizes the molecular and cellular levels.
Most of the same topics appearing in the Yellow and Green Versions ate
teeated, but the level of presentation is somewhat more advanced and
there is more emphasis on the teaching of biology to illustrate the ¢
methods of scientific inquiry. The tables of contents from these three
versions are reproduced in Appendix D-1, 2, and 3, and will illustrate the
topics presented in each version and the great. overlap in the versions.

A brief glimpse at the chapter headings in the three versions, in
comparison with those in current published textbooks, immediately sug-
gests the difference in emphasis. There are no chapters on vertebrates or
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fungi or similar subdivisions of subject matter, The emphasis is upon the
unity among living things with ap attempt to bring out the broad under-
lying principles which apply to all livicg things. As stated by Dr. Glass:

« « o We must make the warp ami woof of our treatment of
the subject-matter consist of the great biological themes such
as the interdependence of structure and function, regulation
and bomeostasis, the genetic continuity of life, its evolution,
diversity of type bound up with unity of paiters, and the
reletion of organism to emvirommens, These muit bz treated
at all levels of organization, from the molecslar level 1o thas
of sthe ecosystem, and at all levels of process, from she
cbemscal reaction through the growth and development of
the individual to the evolutionary changes with time,1

The laboratory manuals for the BSCS versions qiffer from those
accompanying most standard textbooks today in that most of the work
in the BSCS program requires students to approach laboratory wotk as a
process of inquity ratker than as a process of verification of stated fact.
The laboratory guides do not include numerous hlanks to be filled in by
the student as he studies material. There is a general emphasis on the
collecton and interpretation of data, including extensive graphic analysis.

In addition to the tc-:thooks and laboratory guides, the BSCS program
has produced severai Laboratory Blocks, each consisting of one selected
aspect of biology, which provide material for an investigation in depth.
Each block is intended as a substitute for five or six weeks of ordinary
class instruction including discussion and laboratory work. This plan draws
a sharp distinction between the conventional illustrative function of lab-
oratory work and what may be called the investigative function. The
Foreword in the BSCS Laboratory books makes this distinction clear, in
terms of the paramount aim of science teaching in general education—
the aim of p eparing civizens, most cf whom will be non-scientists, to
take an intelligent stand in the affairs of a scientific age, It says: “No
matter how much you learn about the facts of science, you will never
quite understand what makes science the force it is in humaa history,
or the scientists the sorts of people they are, until you have shared with
them such an experience, The laboratory and the field are the scientists’
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wotkshops, Much reading and discussion are necessary in scientific work,
but it is in the laboratory and field that hyporheses are tested.”

“Propetly to realize this aim,” says Bentley Glass,”* “the student’s
experience must involve real, not make-believe, scientific investigation.
One must approach the frontiers of existing knowledge and ask questions
the answers to which are unknown—to the teacher and scientist as well
as to the student.” This is not too difficult iz biological investigations,
whete so many variables exist. What is more difficult is to plan invest-
igations in such a way that groups of students—ordinary classes—of a
wide range of individual aptitude and ability can participate. This is
what the Laboratory Block program undertakes to do, with its pene-
tration of particular problems in some depth and its emphasis upon group
and team cooperation in obtaining data, checking them by independent
replication, and pooling them for quantitative analysis.

Four of the blocks in the series are entitled Animal Growth and
Development, Interdependence of Structure and Function, Plant Growsh
and Development, and Mscrobes: T heir Growth, Nutrition,and Interaction.

Another contribution designed to improve the character of in-
dependent student laboratory and field study for gifted or superior students
is the collection of 100 sample research problems suggested by research
workers in biology. Included with the outline of exch research problem
are selected references to aid the student in a serious analysis.
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II. SUGGESTIONS

‘The preceding sections describe the unique function of the laboratory
in developing in studeats a valid concept of scientific activity.

In this section 2 number of suggestions are made which may help
in developing a successful program of laboratory instruction. The sugges-
tions are general in character and should be spplicable in communities
of various educational, economic, and cultural conditions.

The suggestions are not necessarily arranged in order of importance
nor in order of developmental sequence.

A. THE TEACHER

The most imporians element in any program of laboratory science
insteuction is a well-prepared teacher. A good teacher can innovate, adapt,
and create materials for at least mminima! opportuaities for student
participation in the laboratory, even in the face of stringent fund limita-
tions. A poor teacher will not know how to use effectively a well-equipped
laboratory and may, by improper instructional procedure, lead stadents
to develop misconceptions about scisnce and the nature of scientific

investigation.
1. Education

a. Undergraduate programs for scisnce teacher preparation must
contain substantial courses in science which include curzent developments
and concepts. In the recent “Guidelines for Preparation Programs of
Teachers of Secondary School Science and Mathematics,” reporting a joint
study of the National Association of State Directors of Teacher Education
and Certification and the American Association for the Advancement of

Science, the following common guidelines are given:

(1) The program should include a thorough, college-level
study of the aspects of the subject that are sncluded in
the bigh school curricsium.

(2) The progsam should tcke into accosns she sequensial
nature of the subject to be taughs, and in parsicular should
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provide the prospective teacher with on sunderstending of
the aspects of the subject which bis studewts will meet
. subseguent conyses,

(3) Tbhe program should sucluds & major in she subject 2o
be saught, with coursss chosem for their relevence 0 1be
bigh school cursicssium,

(4) The major shosld snclude sxfficient preparation for the
later pursuit of graduate work im ons of the sciemces or
8 mathematics,

(5) A fifib-year program sbould emspbasize courses in tbe
subject to be zeughs,

(6) TZe program shosuld smclude work i areas related to
the subject to be taughs, )

(7) The progrem should iuclude preparasion in the metbods
especially appropriate 10 the subject 10 be taught,

(8) Tbhe program should take imsto accouns the recommen-

—

¢ i)l

dations for curriculum improvement cuirrently being made
by various mational groups,

As an example of the application of these general guidelines to a
particular field, the following amplification for the training of prospective
biolog7 teachers may serve:

(1) Essential concepts to be sncluded are (@) the choracter-
sstics of living orgemisms in terms of mainstenance, regula-
tion, bebavior, reproduction, gemetics, development, cvoly-
tion, and systemasics; (b) the sniervelationships of living
organisms with their physical and biotic enviy s (¢)
sigmificans empbasis on plens, animal, and microbiological
sciences alike; (d) stromg emphasis om actual Living
materials 5u leboratory and field; (e) emphasis om sciemce
as imyestigation and smquiry, especially through experi-

[ mental methods,

] (2) A broad course in gemerai biology, or the equivalons

E derived from separate courses in botany, xoology, end
microbiology; plus advenced courses,

(3) A total of biological cosyses eMmounting 10 appraxi-
mately & full year of college work, with advenced cosrses
selected s0 as t0 avoid undue specialization end to achieve
« balanced progrem of biology.

(4) Courses re’=oams meisher 10 the bigh scbool program mor
5o preparation for graduate study should be disconraged,
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(5) Not less than balf the cosrses beyond the baccalsureate
and leading 10 & master’s degres should be in biology.

(6) Work sn the related sciemces (physics, chemistry,
geology, matbematics, psychology) should approximate ose
full year of she college program,

(7) Training im laboratory end field work is especislly im-
portant. Design of experiments and devolopment of demon-
stration equipment should be taught. The aim is training
that will provide the prospective teacher with the special
skills and techwiques ‘mecessary 20 comduct ww effective
laboratory program im the bigh school courses to bz saugh?,
Tke convemiional. laboratory and field work in many pres-
exns college courses does not do ihis,

(8) Attention should be gives specifically to the programs
of the Biological Sciemces Curriculum Study. Flexibility
and choice of various altermative ways of teaching shosuld
be mainsained in place of absolute uniformity and inflex-
sbility im teacher preparasion,

b. Opportunity should be provided for laboratory experiences similar
to those herein recommended. University and college courses of instruction
and laboratory work must be reviewed so that prospective teachers receive,
by example, knowledge and understanding of the correct function of the
laboratory.

c. The prospective teacher should be encouraged to work in a lab-
oratory with alternative sets of equipment to gather experience with a
vatiety of means for demonstrating or investigating a single scientific
concept  phenomenon.

d. The formal science education of teachers should demonstrate
clearly the close and essential relationship of individual laboratory work
by students to the objectives of the course. Teachess in training must
actually participate in laboratory experiments, just as they will require
their future students to do.

e. The concept of continual evolution and development of experi-
mental materizls and the need for variety in laboratory work should be
injected into the education program for teachers. This can be done, in
past, by a program of continued experimentation on the character and
content of laboratory work in the teacher education institution and in
part by ensuring that samples of equipment, draft copies of experiments,
and reports prepared elsewhere are made available to.th& Studen ~acher.
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f. Strengthening the prepaiation of teachers is not enough. Ways
must be found, such as summer institutes, in-service programs, and other
devices, to bring and keep all teachers up o date in their knowledge of
science and of new materials and devices useful in the teaching of science.

B. THE CONTENT AND STRUCTURE
OF LABORATORY WORK

1. Substaniive

a. ‘The laboratory should be used to enable individual students to
develop concepts out of observations, measurements, and generalizations.

b. Concepts developed should reflect insofar as possible recent develop-
ments.

¢. Wherever possible, materials used should be those with which the
student is famiiiar in his own environment. This is particularly irportant
in studying biological topics.

d. The laboratory experiments should be integcated with other
portions of the science course—discussions, texr. recitations, and dem-
onstrations. They should both support the material assigned in other
portions of the cousse and rely upon informaiicn and knowledge acquired
there by the student. It is sometimes useful and convenicat to let the
laboratory work on particular experiments precede its classroom study.

e. Although some experiments should be performed by each student
alone, some require more than one person for control and observation.
Some scientists claim that maximum benefit is derived if two or three
students work together on such experiments. If limitation in funds,
equipment, or facilities makes individual or small group experimentation
impoestible for most of the course, at least a few experiments for small
) groups should >~ nrovided.
| f. Sole ¢ on routine or prescription type experiments should
be avoided. Open-ended assignments leaving as much as feasible for the
student to discover by progressive observations and analysis are highly
desirable,

g Experiments should be designed to draw on student knowledge
acquired from other courses and to demonstrate that scientific activity is
based on optimum utilization of accumulated knowle ">,

h. A variety of techniques can be used to give students the experience
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uniquely sought from the laboratory. No one alone is satisfactory, but a
judicious combination can be effective, determined in part by economic
- : conditions, availability of equipment, competence of the teacher, and the
nature of the scientific principle or concept to be developed. For neatly
any schooi in any setting a reasonably satisfactory combination of in-
dividual experiments, group experimeats, teacher demonstrations, and
films can be organized.

‘ 2. Procedural

a. Science courses, including the laboratory portion, should be
continually reviewed to keep them up to date in content and procedure. .

b. Classtoom science teachers, currently active scientists, and science
educators in teacher education institutions should collaborate in the review
and should help to determine at ‘any time whether major revision,
adaptation of materials developed elsewhere, or minor changes for
- modernizing the course are needed.

c. The reviewers should reach agreement on principles to be developed
in the laboratory, on objectives of the course which might best be directed
to details of the experiments, and on equipment, materials, and facilities
needed.

d. Students can develop an understanding of a givea concept, or e
patticular principle, using various levels of sophistication in equipment
and experiment design. Conversely, a single and simple piece of apparatus
! might be used to develop concepts of different levels of sophistication.
The syllabus might well contain two or more alternative sets of experi-
ments or sets of recommeuaded apparatus for developing the esse.tial
elements, thus providing for a minimal but still somewhat satisfactory
laboratory program, even in the face of material and financial limitations.

e. Teachers should be enconraged to innovate and experiment with
new laboratory procedures including open-ended projects by individual
students. This requires high-caliber teachers.

f. Centers should be provided at one or more universities associated
with teacher education institutions for continual examin:tion of new
materials and techniques, for making information available to teachers
in the schools, and for injecting new life and meaning into what might
otherwise become a stereotyped program,
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C. APPARATUS AND MATERIALS

1. Apparatus should be selected for its functional use as an essential
part of assigned laboratory experiments or for its usefulness in student
1 rojects.

2. Avoid purchase of complex pieces of equipraent if simpler and
more easily maintaiced items are available which will serve the purpose
satisfactorily in the experiment or the course. Unduly complicated
apparatus may obscure the process under investigation.

3. A few relatively advanced research-type pieces of apparatus can
be used to advantage by a well-prepared teacher to help good studeats
work on more challenging problems. Purchase should be madc only if
such usage will result and if funds for the general pu:pose of *he laboratory
are not jeopardized.

4. Avoid purchase of equipment which cannot be repaired or -

for which replacement parts are unobtainable.

5. While recognizing that care in- handling and maintaining
apparatus will prolong its life, this concers should not be carried to such
an extreme that students are prevented from handling and using the
equipment.

D. BUILDINGS AND SERVICES
1. Rooms and Facilities

2. 'The structure should meet basic requitements for shelter, security-

against damage or theft, and flexibility for various uses; and should be
designed if possible with room for expansion.

b. The design and chartacter should be compatible with other public
buildings ir the community.

¢. ‘There is probably no single arrangement for the laboratory and
its relation to other coutse activities that is best. In any arrangement, it
is important to preserve the functional and substantive relationship
between experiments, classtoom_discussions, and examinations.

d. For biology in particular there should be an outdoor area for plant
growth and ecological studies. When this cannot be provided near the
school, classes should make planned field excursions to utilize the rich
natural resources of the country. A natural preserve, in addition to
providing a source of occasional specimens and practice in identification,
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should be a place for the study of natural changes and interactions among
living things and their physical environment, and to this end should be
little disturbed. ‘The area should include as much native plant and animal
life as possible but need not be large. A small marsh, wooded slope, or
idle corner of the schoolyard can serve this important function.

2. Minor Notes on Services and Special Equipment

a. Appropriate storage with locks is needed for a variety of materials.
If possible, include separate storage cabinets for materials in use by
individual students in experiments or projects. Some apparatus, of course,
requires special care to keep it free from dust or other contaminants.

b. The laboratory must include bench or table space. Some planners
recommend approximately four lineal feet of space per student. This can
be as simple as movable tables located in the censrai portion of the room,
to which could be added a series of cabinet-type benches along a portion
of the walls, containing sinks, water, and perhaps gas, with wall cabinets
above. It is helpful but not essential that these be designed for laboratory
usage. Relatively inexpensive units can be satisfactory.

¢. Outlets for alternating current at regional standard voltage and
frequency should be conveniently located throughout the room. Flexibility
of table locadion in. the center of the room can be obtained if overhead
drop-cord outlets are provided.

d. Direct current lines are not essential. Economy and convenience

 can be achieved by use of rectifier units of appropriate size and character-

istics to convert available AC to DT,

e. Water faucets, sinks, and drains can be economically arranged
along one or more walls of 4 laboratory room. A bench equipped with
such facilities, standing away from a wall, could serve for instructor
demonstrations.

f. Hot water piped to sinks is desirable but not essentizl.

g If available in the community, natural gas should be piped to all
fixed benches for use with torches and burners. Otherwise, sources of heat
energy most economically obtainable should be used.

h. Adequate lighting should be provided for every room, preferably
with an ambient level of approximately 75 to 125 foot candles. Special
lighting for demonstrations may be desired with provision for darkening
the room for projection purposes. -
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IIL. THE LABORATORY QOVERSEAS

" ‘The material in the -previous sections is believed to be relevant %o
the teaching of science in any country, although materials, facilities, or
practices found useful in one country might fail in another because of
2 variety of cultural, economic, and educational differences, ’

This section presents notes on points which may be important undes #
different cultural and technological conditions. It should not be considered |
by itself, but only in the context of what has been said eatlier.

These notes are grouped under headings corresponding to parts-of
Sections I and I, which ate identified by page numbers for the reader's
convenience. ' :

A. THE STUDENT
(Page 8)

- : L. Recognition of differences in technological richness of cultures
is important for curriculum planning, but it is too often neglected. It _
is hariaful to educational eff~ctiveness either to ignore the advantages |
g available to students living in a technologically advanced region or to
’ assume a familiarity with materizls and devices thar in fact does not exist
in the community.

2. It is hazardous to introduce scientific concepts and the products
of science by using as examples materials with which the student may be
unfemiliar. The degree of technological advancement in an area should
determine the materials used to promote science as e process of inquiry
and to show the concepts, materials, and technological products that
result from such inquiry.

B. THE PREPARATION OF TEACHERS .
_ (Pages 9 and 28)

The pattern of rencwc3 collaboration between professional educators
and scientisis in the United States is important for those planning new
programs fo: teachers in developing countries,

1. In some countries, preparing tcachers of scicnce to use the
laboratory eftectively as an integral part of the course conflicts with the
understandable cultural aversion to work with the hands, Such feelings
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are not unknown even in the Western World. A determined effort is
needed to demonstrate that laboratory work is not mere manuel labor
which can be assigned in accordance with radition to others of lower
class. The development of a feeling for the interaction of materials and

* cbjects is an essential element of learning through laboratory work. The

investigator must have direct control over the equipment, instruments,
or ingredients in an experiment. It is important that he sense the relation
of what he does with his hands to the consequences observed, and to the
results he measures. For example, he needs to assume personal re-
sponsibility for the cleanliness of the vessels or instruments to be used
e order to help avoid introduction of contaminants.

2. Reference has already been made to the need to reflect differences
in cultural and economic conditions in the curriculum. In a “rapidly
changing country, the teacher sheuld be alest to changes brought about
by new developments in the community, and be ready to revise science
courses to take advantage of such developments. Participation by the
teacher in some of these commuaity changes may help guarantee effective
correlation,

3. Summer institute programs for teachers are an excellent means
of introducing new material or curricular changes. Where this is not
practical, an alternative method is the use of in-service lessons or dem-
onstrations on film, Where television has been used to broadcast science
lessons for students in classtooms in the United States, the greatest gain
is often made by the teacher. If such presentations reflect superior teaching
techniques, or very effective use of materials which would also be available
to the classroom teacher, a considerable improvement in the local teacher
can gesult,

4. While such filmed courses cannot replace ordinary classroom
instruction, especially laboratory instruction, they act as catalysts for the
modernization of science teaching and the improvement of necessary
laboratory instruction. Instruction in science involves a certain amount
of demonstration and straight presentation of facts. Some of this material
can be presented satisfactorily by films, whether projected in the classroom
or broadcast over television. Where facilities permit, schools should
consider providing such resour=s as an aid to the teacher, thus allowing
him more time for laboratory preparation and for independent work
with students.
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Many of the above activities carried on in the United States would
not be readily applicable in all other countries, They are mentioned to
emphasize the importance of providing some feasible and appropriate
mechanis.a for continued professional and scientific growth of the teacher
and for interaction with scientists or others engaged in experimental
programs of instruction.

C. THE PHYSICAL PLANT AND FACILITIES
(Page 12)

No unique set of specifications “or facilities and equipment can be
defended as absclutely required for an effective science course, including
laboratory. The significant question is: What facilitics and equipment
would be of optimal educational value for a group of students in a
particular cultural setting with a given level of community or national
resources?

The- fact that increasing amounts of economic resources must be
invested in education by all countries around the world dictates that care
be exercised in deployment of these resources. Buildings and facilities
should be reasonably compatible with other public buildings in the
community. Funds for construction should be balanced realistically with
those needed for laboratory equipment and supplies, or for better prep-
aration of teachers so that they might use the available laboratory facilities
more effectively.

Whether facilities ate elaborate, as in a technologically advanced
culture, or minimal in a newly-developing area, laboratory instruction can
be given, and should be included in & secondary school science course.

An arez for outdoor study of native plunts and animals, even a
small one with commonplace examples, can be of great value in the
teaching of biology. Such study is inexpensive and can be carried out with
little distusbance to wild life. Natural preserves are particularly importane
for schools in rural areas where native plants and animals pessist and
where laboratory equipment is scazce. Living examples can be brought
into the classroom for observation and experiment.

It would be both presumptuous and mistaken to suggest thut some
proposals for uew types of secondary school science and laboratory
facilities in the United States be adopted in developing countries. Never-
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theless, some of the proposals now being given serious consideration in
the United States for improvement of facilities and educational practices
may have elements of importance for planning new facilities elsewhere.
The techniques for development of new materials and the underlying
relationships of laboratory wotk to the course as a whole have significant |
implications for adaptation or development of programs in other countries. !
Without attempting to reconcile different proposals or to evaluate
suggestions, the items appearing on pages 14-16 are noteworthy. The
comments do not necessarily relate directly to <he laboratory, but would
influence schoc! organization in general and open the way for more
adequate use of time and space for laboratory work.

D. NATIONAL OR REGIONAL PROGRAMS

Initiation of steps toward some of the objectives suggested above
sometimes can be done best through pilot or demonstration projects.
Special studies or experimental production facilities may also be essential.
In addition, it is important to increase public awareness of the need for
greater utilization of science in furthering development of a community
and of the opportunities for employment of those who develop laboratory
and other scientific skills. Some suggestions for regional programs are:

1. Centers for Curriculum Development and
Experimentation

Depending upon the size of the country and the extent of need,
one or more centers at teacher education institutions could re-examine the
science curriculum. Specific and perti Jar attention should be directed

to the laboratory portion. Teachers ~atists should be drawn to the
center from various parts of the coun. . work in the program, .

Also depending upon local conditions, either one curriculux or
a small set of alternatives could be established for the region, taking
into account variation in capabilities and facilities.

These centers may have a useful function in adapting curricular
materials, developed elsewhere, to the needs of the region. The Biological
Sciences Curriculum Study in the United States is most insistent that
its materials not be used unmodified in an area where the flora and fauna
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are different from those in the United States. BSCS stands willing to hslp
in the adaptation of its materials to other biological environments. These
national or regional Centers for Cutriculum Development would be
suitable instruments in such cooperation.

To facilitate introduction or extended use of new curricula and
experiments, seminars, workshops, or regional meetings with teachers
should be set up. A subsidy should perhaps be provided for local teachers
and schools to participate in such planning activities and to acquire new
materials for the laboratory.

Local citcumstances will dictate whether or not these centers are
appropriate locations for retraining and upgrading institutes for teachers.
The centers at least should take the responsibility to see that such in-
stitutes are provided.

2. Examinations

Examinations serve an important function in maintaining uniformity
of standards, and in many cases they are also used as a basis for selection
where school facilities are insufficient to accept all applicants. It is
important to recognize, however, that examinations used as a basis for
selection tend to determine in advance the content and emphasis of any
prescribed course of study no less than does the formal syllabus. Unless
the examination system specifically allows for flexibility, it may in fact
become a powerful force against change and thus seriously hamper efforts
to improve teaching. New methods intended to introduce more modern
concepts into a course are particulacly likely to be hindered by the
“external” examination in which the examiners have not participated in
the actual preparation and teaching of a course in its improved form. This
single factor may do more to prevent creative experiments with improved
teaching than any lack of funds or imagination.

It is, therefore, extremely important for national or state education
administrations to make sure that examinations do not become an end
in themselves, but remain a means for evaluating, maintai g minimum
standards, and perhaps acting as an incentive toward im, >vement. To
do this, the examinations themselves can make room for change by offering
a choice among several alternative questions; by allowing the possibility
that a given question may be satisfactorily answered in more than one way
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by students with different sort5 of preparation; and, most important of all,
by emphasizing questions which require a knowledge of fundamental
concepts and mechods rather than detailed facts and numbers.

Firally, it may be pointed out that flexibility can be achieved and
nawazranted preoccupation with examinations can be reduced by means
of a system of partial accreditation whezeby some superior students are
permitted to advance without examinations. If, for example, approximately
12 per cent of students from a selected list of schools were accepted on |
the basis of the school’s recommendations without the external examina- '
tion, a considerable degree of flexibility to try improved methods in the
best schools will result, and at the same time an incentive toward superior
work on the part of both schoo! and student will have been established.
The chief purpose cf the examinatens—that of maintaining uniform
minimum standards—will not have bxen changed.

Care should be taken to see that examinations include questions
based upon the laboratory wortk (otherwise the laboratory work will
inevitably lose emphasis), and at the same time that they reflect a proper
recognition of the role of the laboratory and allow for variations in the
type and number of experiments that students may have been zble to
perform.

1]
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3. Production of Laboratory Apparatys

Where private industry cannci be expected to venture into pro-

- duction of new laboratory gpparatus without some assurance of sales, a

government subsidy of one or more manufacturers would probably be

necessary. This may even call for esteblishing a new company which
ultimartely could operate at a profit without subsidy.

Alternatively, shops at curriculum development centers could develop
models of apparatus to be constructed, and contracts could then be let | ‘
by the government to manufacturers on competitive bids for specified
quantities, the quantity of sales being guarantced by the government if
local school purchases were insufficient.

‘Whichever approach is taken, the production organization should
not be so elaborate as to discourage periodic review of the laboratory
experiments. The production organization should respond quickly to
recommerided changes.
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The intent would be to establish in each country or region facilities
for mass producing items of laboratory equipment, at low cost and
with replaceable parts. Several advantages should follow: Local labor
would be taught manufacturing skills; apparatus should be more readily
available for purchase, repair, and replacement; the quantities needed
would be large enough for a given item to justify establishment of mass
production techniques cf value to the country if they did not exist
previously; a production and distribution system would be thus created to
facilitete introduction of new materials as they are developed without
reliance on imports.

In mos: developing countries supplies of equipment and materials
for laboratory use will generally be limited for some time, It is, therefore,
particularly important that the teacher be prepared to use simple equip-
ment, draw on resources of the community or countryside, and use field
trips for observation and analysis as alternative means of providing
laboratory opportunities for students.

The capability of the teacher to improvise rests squarely on sound
preparation including an understanding of the function of the laboratory
in a science program. It depends also, of course, upon the freedom given
him by the examination system.

4. Centers for Science Film Production

The school ministries or other government agencies in a country of
region might cooperate in establishing and supporting a center for
producing a variety of science films—both new films and adaptations of
those obtained elsewhere in the wotld to satisfy special needs in the
region. Some could be directed toward i.acher education; some could
supplement the laboratory work by showing experiments otherwise
unavailable; some could provide demonstrations using equipment most
schools could not obtain; and some could show the availability of science
caceers in the region.

An important advantage of a national or regional film production
program is thas local scientists and teachers can be shown on the film,
working in local laborstories. This stimulates scientific interest in the
culture of the region,
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5. Programs for Interpreting Science to the Public

The importance of science education including its laboratory work
should be made known to the public at large in order to generate support
for government action and to develop patental and community under-
standing a4 support of the work of students. Appropriate use cf news
mediz, of exhibits, of lectures, of various organized groups to distribute
information, and of films for the public will all help increase public
understanding.

A good science museum provides a very valuable resource both for
school classes and the general public in a fairly wide area. Besides offering
permanent and special exhibits, film: showings, a planetarium, nature
area, etc,, it can very well serve as a focus and headquarters for science
clubs and for a national program of science fairs. Here the results of
recent scientific research by local scientists or the implications of major
scientific discoveries can be illustrated and explained through exhibits,
lectures, or films, and thus the scientific development of a country can
be put into perspective.

In summary, the laboratory is an essential element of an effective
program of science instruction. Improvement in laboratory instruction,
as well as the rest of the science curriculum, can be made wherever there
is determination that it be done, where imaginative and competent
scientists want to do it and are given adequate support and freedom, and
where the development involves teachers and is fed into the teacher
educztion institutions through collakorative efforts.

Materials selected for new programs in various stages of development
and use in secondary schools in the United States are reflective of
experiences of students living in the United States, and would not
necessatily be appropriate for use elsewhere. We do not intend to imply
that any of the materials are usable without modification in a program
developed for some other country or region. They may, howeves, be
helpful guidelines to the developers of programs elsewhere.
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APPENDIX A. PHYSICAL SCIENCES STUDY COMMITTEE
1. Laboratory Guide for Physics

CONTENTS
EXPERIMENT EXPERIMENT
PART I PART II
I-1 Short Time Intervals IIT- 1 A Variation on Galileo’s Experiment
I2 Large Distances M- 2 Changes in Velocity with a Constant
I-3 Small Distances Force ‘
14 Analysis of an Experiment HI- 3 The Depeadence of Acceleration on
I-5 Motion: Speed and Acceleracion Force and Mass
mall : IT- 4 Ipertial and Gravitational Mass
16 Small Masses II- 5 Forces on 2 Ball in Flight
I~7 The Spectra of Elements -6 Centripetal Force
I-8 Molecular Layers I~ 7 - Law of Equal Areas
I-9 Natural Temperature Scale M- 8 Momeatum Changes in an Explosion
II- 9 The Cart and the Brick
II-10 A Collision in Two Dimensions
PART II II-11  Slow Collisions
. o II-12 Changes in Potential Energy
IO-1 Reflection from a Plane Mirror I-13 The Energy of a Simple Pendulum
- 2 Images Formed by a Concave Mirror II-14 A Head-on Collision
-3 Refraction
II- 4 Images Farmed by & Converging Lens PART IV
- 5 The “Refraction" of Particles IV- 1 Electrified Objects
-6 The I‘ntensity‘ of Illumination as a IV- 2  Electrostatic Induction
Function of Distance IV-3 The Force Between Two Charged
I~ 7 Waves on a Coil Spring Spheres
fI- 8 Palses in 2 Ripple Tank IV- 4 The Addition of Eleczric Forces
- 9 Pericdic Waves IV- 5 Potential Difference
I-10 Refraction of Waves V-6 g:lc .Ch"3° Carried by Ions in
IO-11 Waves and Obstacles aton
I-12 Waves from Two Point Sources V-7 The Maga eue le.d of a Current
IV- 8 The Magunetic Field near a Long,
I-13 Interference and Phase Straight Wise
I-14  Young's Experiment . . IV- 9 The Measurement of a Magnetic Field
I-15 Diffraction of Light by a Single Slit in Fundamental Jnits
O-16 Resolution IV-10 The Mass of the Electron
I-17 Maeasurement of Snort Distances by IV-11 Randomness in Radioactive Decay
Interference IV-12 Simulated Nuclear Collisioas
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2. PSSC Physics Films
(December, 1962)

Produced by Educational Setvices, Inc., and distributed by Modern Learning
Aids, 3 East 54th Street, New York 22, N. Y., to whom inquiries regarding

prices should be directed.

TIME AND CLOCKS
Jobn King, urr

Discusses coacepts of time measarement and
shows various devices used to measure and
record time intervals from 1 second down to
10*? seconds. Points out that the accuracy of 2
clock can be judged only by comparison with
another clock. The question of what time is,
psychologically, is raised Lricfly as well as
the question of 2 possible limit to the sub-
division of time.

#0101 27 minutes

LONG TIME INTERVALS

Harrison Bro.oy, CAL. TECH. )
A discussion of the significance of long time
intervals with a detailed description of radio-
active dating arriving at an estimate for the
age of the earth.
#6102 24 minutes

SHORT TIME INTERVALS
Campbell L. Starls, sare
A study of the extension of the senses to deal
with very short time intetvals, Asan example,
special techniques reveal complexitics in 2
flash of lightning which are not ordinarily
perceptible to the eye. Timing devices shown
include moving cameras, pen recorders and the
oscilloscope, with an explanation of its use
in these messurements.
#0119 22 minutes

MEASURING LARGE DISTANCES
Fletcher Watson, BALVARD

Using models of earth, moon and sters, Dr.
Watson describes the place of triangulation,
parallax and the inverse square law for light
in geophysics and astronomy; his demonstra-
tions point up the immensity of interstellar
space, and suggest the complexities of measute-
ment on this scale.

#0103 29 minutes

MEASURING SHORT DISTANCES
Dorothy Mom:zomery, BOLLING COLLEGE
Stares with the centimetes scale, fuoves on to
microscopic dimensions, and thea to the

EFEws - PEITTN eleae

dimensions of atoms by meaus of Erwin
Mueller’s field emission microscope. Shows
how calibration of instruments can give us
sccurate knowledge of these small distances.
#0104. 20 minutes

CHANGE OF SCALE
Robert Williams, sat
Demonscrates that change of size necessitates

change in structure of objects; uses specially -

constructed props to emphasize scaling
problems, then shows practical application of
scale models as used in the construction of
harbors, study of ship design and movie-
making.
#0106

STRAIGHT LINE KINEMATICS
E. M. Hafmr, RocHRITER

Nozions of distance, speed and acceleration dis-

cussed; graphs of all three versus time are

generated using special equipment in 2 real

test car; relationships zmong them shown by

measurements (and estimates) of slopes and

areas from the graphs.

#0107 33 minutes

VECTORS
Albers V. Baez, emc

Vectors ate demonstrated in 2 high school
classtoom. Rubber models ars used to show
vector displacement in two and three dimen-
sions. Vector addition, scalar multiplication of
a vector and othes concepts are introduced.
#0108 28 minutes

VECTOR KINEMATICS

Francis L. Fritdman, sxe
Velocity and accelerasion vectors are intro-
duced and shown simultaneously for various
2-dimensional motions including circular and
simple harmonic, The vectors are computed
and displayed as arcows on a cathode ray tube
scieen by a digital computer, and their
zelationships are di
#0109 16 minutes

23 minutes
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PSSC PHYSICS FILMS

ELEMENTS, COMPOUNDS AND
MIXTURES (Color)
Iral Jebns, MONIANTO CHEMICAL COMPANY

A discussion of the difference between ele-
ments, compounds and mixtures, showing how
a mixture can be separated by physical means.
Demonstrates how a compound can’be made
and then be taken apart by chemical methods
with idensification of components by means
of their physical properties such as melting
point, boiling poins, solubility, color, etc.
#om 34 minutes (color)

DEFINITE AND MULTIPLE
PROPORTIONS
Roberz St. George, cAMBRIDGE $CHOOL
Jorrold R. Zacbaorias, yar
Hete is the evidence or which Dalton based
his conviction that matter came in natural
units, atoms; the chemical laws of deanite
peoportiens demonstrated by electrolysis and
recombinaticn of water; ard multiple pro-
portions by the quaatitive decomposition of
N;O, NO aand NOs.
#o110 30 minutes

CRYSTALS

Alan Holden, »311 1 asorATORIES
Demonstrates the nature of crystals, how they
are formed and why they are shaped as they
are. Shows actual growth of crystals under a
microscope; discusses iow they may be grown.
Relates these phenomena to the concept of
atoms.

#0113 24 minutes (hlack and white

or color)

BEHAVIOR OF GASES
Lus Geodzing, yax

The Brownian motion of smoke particles is
shown by photo-micrography and compared
with 2 mechanical analogue. This evidence for
molecules in chantic inotion is contrasted with
the ordetly behavior of gases as shown by
Boyle’s Law experimeat, Asimation sad
mechanical anz2logues are then used t0 develop
a model for gas pressure based on chaotic
molecular motion.
#0115 15 minutes

RANDOM EVENTS
Patterson Esrve and Donald Ivey,
UNIVERNTY OF TOXONTO
This film shows how the over-all effect of 2
very large number of racdom (unprediceable)
events can be very predictable. Several w-
usual games ace played to bring out he
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statistical nature of this prediceability. The
peedictable nature of radioactive decay is
explained in terms of what is shown.
#0116 31 ininutes
MEASJREMENT

Williom Sisbers, vt
The measurement of the speed of a rifle bullet
is used as che basis for a discussion of the att of
measurement. Problems that are met acd dis-
cussed include noise, bias, use of black boxes
and the element of decision in all measure-
ments.
#0105 22 minutes

INTRODUCTION TO OPTICS
(Color)

E. P, Litth, msc
Deals with approximation that light travels
in a straight line; shows the four ways in
whick 1i;%t can be beat—diffraction, scatter-
ing, refraction and reflection; refraction
illustrated by underwater photography to
show how objects above water appear to 2
submerged skin diver.
#0201 23 minutes (color)

PRESSURE OF LIGHT
Jorrold R. Zacharias, sar

Light pressure on 2 thin foil suspended in a
high vacuum sets ¢he foil into oscillation. The
film leads up to this by a discussion of the
Crookes radiometer and the effect—not light
pressure—that causes it to rotate. The role of
light pressure in the universe is also briefly

#0202 21 minutes
SPEED OF LIGHT

William Sisbers, sz

Outdoors at night Dr. Sicbert measures the
speed of light in air using a spark-gap, para-
bolic mirrors, a2 photocell and an oscilloscope.
In the Iaboratory he compares the speed of
light in air and in water using 2 high speed
rotating mirror.

#0203 23 minutes

SIMPLE WAVES

Jobn Shime, BaLL LADORATORIXS
Pulse propagation on ropes and slinkies shows
elementary characteristics of waves such as
different speeds in different media. Effects ate

_shown at regular speeds and in slow motion.

A torsion bar wave-machine iv then used to
repeat these experiments to demonstrate
reflection and other phenomena.

#0204 27 minutes

\

e r o e ___.\._,__*__,\ B T T e . e Y SSUUHIEY oy




o

Rikaa Mt e L B LA Y
. .

SOUND WAVES IN AIR
Rickerd H. Bait, sar

The wave characteristics of scund transmission
are investigated with large scale equipment
using frequencies up to 5000 cycles. Experi-
meats in reflection, diffraction, interference
and refraction are supplemented with ripple-
tank analogies. Intetference is showa in both
the pattern of standing waves and in a pattern
reflected from a grating. A gas filled lens is
used to refract sound.

#0207 35 minutes
FORCES
Jourreld R, Zachavisis, unt:

Introductory to mechsnics w general, this film
foreshadows later work with kinds of forces.
A qualitative Cavendish experiment shows
gravitational forces between small objects.
Also by means of this experiment gravitational
force is compared wich olecerical force in a

simple demonstration.
#0301 23 minutes
INERTIA

B. M. Psredd], saxvarp
Demonstrates Galileo’s principle of ictia
using low friction dry ice pucks and multiple
flash photography; develops the relation that
zoccle_tation is proportional to force, when
Imass is constaat.
#0302 27 minutes

INERTIAL MASS

B. M. Purall, aaxvarp
A continuation of INERTIA, this film develops
the relation that accleration is inversely pro-
portional to> mass, with a constant force. It
shows that different objects may have the
same inertial mass, by demonstrating that they
have the same acceleration if the same force is
applied. Finally, it distinguishes and compares
inertial and gravitational masses pointing out
the proportionality between them.
#0303 20 minntes

FREE FALL AND PROJECTILE
MOTION
Natbanial Frank, var

The behavior of freely falling bodizs is ex-
plered from a dynamical point of view, leading
to the proportionality of gravitational and
inertial mass, the independence of perpen-
dicular components of 2 motion, and the
coaclusion that Newton's Law is 8 vectos
relationship. Includes s slow-motion study of

PSSC PHYSICS FILMS

two balls simultaneously dropped and peo-
jected horizoatally fom the same height, and
expetiments with 2 large “‘monkey gua.*’
#0304 27 nmiautes

DEFLECTING FORCES

Natbaniel Frank, st
Discusses patare of forces which peoduce
curved paths, Lrings out coacept of ceatripetal
vector acceleration, shows how knowledge of
path and mass of an object give information
on the force iavolwd.
#0305 29 minates

PERIODIC MCTION
Patterson Hum co:d Doncld Iy,
UNIVERSITY OF TO20NTO
From 2 number of periodic motions simple
karmonic motion it selected for detailed ax-
amination; a pen moving in SHM plots its own
displacement—time graph; graphs of velocity
and accaleration versus time are derived from
it. The formala for the period of SHM is
derived from the component of circuler motion;
the dynamics and period of SHM checked
experimentally by osciilation of dry ice puck
mounted betwzen springs.
#0306 33 minutes

FRAMES OF REFERENCE
Pasterson Hume and Donald Ivey,
UNIVERSITY OF TORONTO
By means of a variety of experiments on frames
of references moving at constant speed or at
constant accelerations, this film demonstrates
the distinction between an inertial and non-
inertial frame of reference, and the appearance
of fictitious forces in 2 non-inertial frame.
#0307 26 minutes

ELLIPTIC ORBITS

ikt V. Bary, vtsc
S. sting with an elliptic orbit (as of a satellite)
and using Kepler’s law of areas, this film
shows that the gravitational force on the
sar-liic obeys aa invers: square relation. The
derivation is almost <ntirely geometric in
nature.
#0310 18 minutes

UNIVERSAL GRAVITATION
Pattorson Hume and Donald Ivey,
UNIVERKITY OF TORONTO

* law of uaiversal gravication is derived by
imagining a solar system of one star and one
plane  “rofessors Hume and Iver as in-
habitaats of plaget X describe the process by

47

- -

T N T T T T T T T

~ —— e =




e o e —a—— e

- —— St s e - o = =

g

B . .
Provia c N
o ' .
e e e R A o e R o e OV B e s o e e A B AN HO B e & e g meom e

o=

PSSC PHYSICS FILMS

which they derived the law in their solar
system. The kinematics and dynamics of
planctary motion are demonstrated using
various models to discuss & solar system.
Satellite orbits are displayed using a digital
computet.

#0309 30 minutes

ELASTIC COLLISIONS AND
STORED ENERGY

Jams Strickland, emc
Various collisions between two dry ice pucks
are demonstrated. Cylindrical magnets are
mounted on the pucks producing a repelling
force. Careful measurements of the kinetic
energy of the pucks during an interaction lead
to the concept of stored or potential energy.
#0318 28 minutes

ENERGY AND WORK

Dorothy Monsgommery, BOLLINS COLLEGR
Shows that work, measnred as the area under
the force-distance curve, does measure the
transfer of kinetic energy to a body, calculated
from its mass and speed. A large-scale falling
ball experiment, a non.linear spring arrange-
ment and a “Rube Goldberg' graphically
establish work as 2 useful measure of energy
transfer in various situations.

#0311 29 minutes

MECHANICAL ENERGY AND
THERMAL ENERGY

Jerreld R, Zacharias, sax
This film shows several models to help students
visualize both bulk motion a0d the random
motion of molecules. It shows their intercon-
nection as the energy of bulk motion. Demon-
strates random motion «ad how such motion
can average out to a smooth effect. Shows
model of thermal conductira. Demonstrates 2
model usiag dry ice disc and small steel balls,
in which bulk mechanical energy of the disc is
converted to ‘‘thermal’’ enmergy of random
motion of the balls. Develops 2 temperature
scale by immersing canisters of two gases in
baths of various temperatures, reading the
resulting pressure; through this, explains the
origin of the absolute temperature scale,
#0312 27 minutes

CONSERVATION OF ENERGY

Arthur LaCroix, NEW ENGLANG
BLECTRIC $YSTRM
Jovold R. Zachariss, vt
Energy traced from coal to electrical output in
a large power plaat, quaatitative data is taken
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in the plant; conservation law dsmonstrated
for random and orderly wnotinn.

#0313 27 minutes
COLLISIONS OF HARD SPHERES
James Styickland, pesc

This is & lzboratory instruction £lm dealing
with conservation of momertum primarily
intended for seachers. The film is 2 demonstra-
tion of the adjustments and operation of the
Collision in 2-1> apparatus used in the PSSC
Lab II-10. The conservation of momentum is
demonstrated for both equal and unequal mass
spheres.

#0319 19 minutes

COULOMB'S LAW

Eric Rogers, PXINCETON
Demonstrates the inverse square variativ. of
electric force with distance, and also the fact
that electric force is directly proportional to
charge. Introduces the demonstration with a
thorough discussion of the inverse square idea.
Also tests inverse square law by looking for
electrical effects iuside a charged hollow
sphere.
#0403 28 minutes

ELECTRIC F:ELDS

Francis Bitter, Mar
An electric field discussed as 2 mathematical
aid and as 2 physical entity; experiments
demonstrate (1) vector additinn of fields,
(2) shielding effect by closed metallic surfaces,
(3) she electric force which drives an electric
current in a conductor for both straight and
cutved conductors. Physical reality of fields
discussed briefly in terms of radiation.
#0406 24 minutes

ELECTRIC LINES OF FORCE

Alexcander Jossph, BRONX COMMUNITY
COLLEGE

Shows how to produce electric field patterns
using necn sign transformer as high voltage
source. Indicates safety precautions. Fine grass
seed in the interface between freon film cleaner
(or carbon tetrachloride) and mineral ol align
themselves to form various electric field
patteras.

#0407 7 minutes

MILLIKAN EXPERIMENT

Francis L. Fritdmar, var

Alfred Redfiskd, 18
Simplified Millikan experiment desceibed in
the text is photographed through the micro-
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scope. Standard sphetes are substituted for oil
drops; an analysis of the charge related to the

velocity of the sphere 2cross field of view of -

mictoscope emphasizes the evidencs that
charge comes in natural units that are al} alike;
- mumerous changes bf charge are shown, pro-
duced by X-rays, with the mesasurements
clearly seen by the andience. Professor Fried-
man gives 2a introduction and ranfiing com-
mentaty; Dr. Redfield does the experimeant.
#0404 30 minutes

COULOMB'S FORCE CONSTANT
Eric Rogers, pRINCETON

Shows 2 large-scale version of the MILLIKAN
EXPERIMENT. The small charged plates of
the original expetiment are made very. large
and the effects are shown of increasing plate
are2 and separation, and adding more batteties
to charge the plates. The same electric field
strength used in the MILLIKAN EXPERI-
MENT enables the expetimenter to count the
number of elementary charges on_an object
and measure the constant in Conlomb’s iaw
of electrii: force. :

#0405 34 minutes

COUNTING ELECTRICAL
CHARGES IN MOTION

James Stricklond, 2oac
This film shows how an electrolysis experi-
ment enablss us to count the pumber of ele-
mentary charges passing through an electric
circuit in 2 given time and thas calibeate an
smmeter. Demonstrates the random nature of
motion of elementary charges, -vith 2 current
of only 2 few charges per second. )
#0408 20 minutes

A MAGNET LARORATORY
Froncis Bitter, sax

Professor Bitter’s large magnet labocatoty at

sar shows equipment used in peoducing strong

magnetic fields; demonsirates magnetic effects

of cusrents and the magnetism of iron.

#0411 20 minutes

ELECTRONS IN A UNIFORM
MAGNETIC FIELD

Docothy Monsgomery, BOLLINS cOLILIGR
A spherical cathode-ray tube with 2 low gas
atmosphere (Leybold) is used to measure the
curvature of the path of electrons in 2 magnetic
field 20d with reference to the MILLIKAN
EXPERIMENT the mass of the electra® is
detetmined. Arithmetic involved is wocked
out with e experiment.
#0412 10 minutes

" PSSC PHYSICS FILMS
MASS OF THE ELECTRON

Eric Rogers, privcaron

"Using a carnode r2y tube encircled by  curtent

cantying loop of wire, mieasurements are taken
which enable the demonstrator to calculate the
mass of the electron with reference to the
MILIIKAN EXPERIMENT. The calculations
ate brought out in detail, step by step.

#0413 18 minutes

ELECTROMAGNETIC WAVES
Goorgs Wolge, sar
Shows why we believe in the unity of the elec-
tromagnetic radiation spectrum. Experiment
shows that the radiation arises from acceler-
ated charges and consists of transverse waves
that can be poiarized. Interference (Young's
double slit experiment) is shown in four
different regions of electromagnetic spectrum;
X-ray, visible light, microwave and radio-
wave.
#0415 . 30 minates

THE RUTHERFORD ATOM

Roberz 2. Halsizer, ovavERSITY OF ILLINOIS
Dr. Hulsizer uses a cloud chamber and gold
foil in a simple alpha-particle scattering experi-
ment to illustrate the historic Rutherford
experiment which led to the . <lear model of
the atom. Behavior of alpha particles clarified
by use of large scale models illustrating the
nuclear atom and Coulomb scattering.

#0416 40 minutes
PHOTONS
Jobn King, wax

Photomultiplier and oscilloscope used to
demonstrate that light shows particle be-
havior; photomultiplier explained, amplifica-
tion demonstrated, “‘noise" reduced; teasoning
tequited to understand final outcome carefully
discussed

#0418 19 minutes

INTERFERENCE OF PHOTONS
Jobn Kixng, s

An cuperiment in which light exhibits both
particle and wave characteristics, A very dim
light source, a double slit, and 2 phote-
multiplier are used in such a way that less than
one photon (on the aversge) iz in the apparatus
at any given time. Chasactesistic interference
pattern is painted out by many individual
photons hitting at places consistent with the
intetference pattern. Implications of this are
discussed.

#0419 14 minates
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PSSC PHYSICS FILMS

PHOTO-ELECTRIC EFFECT
(Color) -

Jobm Strowg, TER JOENS EOPXING UNIVRRSITY
Qualitative demonstratic.s of the photo:

selectric effect are shown using the'sun and 2

carbon arc as sources. A quantitative cxpeti-
ment is performed measuting the kinetic
energy of the photoelectrons emitted from 2
potassium sutface. The data is interpreted in
2 careful anslysis.

#0417 ' 28 minutes

MATTER WAVES
Ailen Holdes and Laster Gormer,
DELL TELIPEONK LiMS.
Dr. Germer presents 2 modern version of the
original experiment which showed the-wave
behavior of the electron. The studenr sees
electron diffraction patterns on 2 fludrescent
screen. ‘The patterns are understandable in
tecms of wave behavior; Alan Holden peesents

an optical analogue showing almost identical -

patterns. The electron diffraction experiments
of G. P. Thomson are described by Holden
who also peesents brief evidence for the wave
behavior of other particles such as neutrons
and helium atoms.

#0423 28 minutes

THE FRANCK-HERTZ
EXPERIMENT
Byren Yoxr:, 3x3D cOLLRGE
Aa epilogue by James Franck
A stream of electrons is accelerated through
vapor. and it is shown that the kinetic
enerey Of the electrons is transferred 2o the

mercury atoms only in discrete packets cf

energy. The association of the quantrm of -

energy with a line in the spectram of mercuty
is established. The experiment recraced ip this
film was one of the esrliest indications of the
existence of internal eoergy states within
the atom.

Fo41 32 minutes

The follnwing them flms compriss & [ali sreatooent
of the ety tramsfer in oluctrical circvits. The
Lattor twe films sherld et be n20d seporately. The
proceding theo films, starsing wish F 0404 Milliken
Exporimons, follownd by ¥0405 Coxlomb’s Forcs
Constans and #0408 Conting Electrical Chargss
in Matim, s necrssary to lay the fowndation for
the prismraticn of the Iatter them. This sequencs
of six films fom & tightly kit developwont of the
selevons ssbint mairor, leading to the x5 of the
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srinciple of consorvatin of my to anslyze the
bebavior of elestrical systems: .

ELEMENTARY CHARGES AND -

TRANSFER OF XINETIC
ENERGY

Froncis L. Frisdman, 3ot
In 2 diode using th= identical geometry of the
MILIIKAN EXPERIMENT, the gain of
kinetic enezgy of electrons fowing from the
cathode to anode is mezsured experimentally
and found to be that predicted by the results
of the MILLIKAN EXPERIMENT. This
measurement is made by comparing the th
energy dissipated as the electrons strike the
anode with the thermal cnergy produced in sn
identical anod¢ by a mass falling 2 known
distaace. In this film the elementary charges
as determined from the Miilikan 20d from the
Faraday experiment are shown to be the same.

#0409 25 minutes
EME
Natboniel F:omk, sar

Here it is shown that the energy transfers
demonstrated in the preceding film (Elemen-
tary Charges and Transfer of Kinetic Energy)
are independent of the geometry of the elec-
trodes in the diode. It is further demonstrated
thy’ the energy per elementary charge delivered
by = battery (its mez) depends only on the

chemice} constitution of the battery. The -

concept of mur is extended to describe any de-
vice which transforms energy by separating
elementary charges. This discusiivn leads
directly to the subject of the next film,
Rlectrical Potertial Energy and Potential
Difference.

#0430 19 minutes

ELECTRICAL POTENTIAL
ENERGY AND POTENTIAL
DIFFERENCE (Parts I and II)
Nashonsl Framk, :at
In Pzre I of this film, the mechanists by which
2 battery establishes an electric field in a cir-
cuit is 2nalyzed and the electric porential
energy stored in such a system is measured
experimentally aad explained theoretically.
In Pare I, ic is shown how the epergy trans-
formations in a steady crent-carrying circuit
can be obtained from messurements of poten-
tial difference and electric corceat, including
the epargy dissipated internally in the batteries

#0412  PamsIandIl 54 minutes
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APPENDIX B. CHEMICAL BOND APPROACH OOMMI’ITEB
CBA I.aboratory Manual .
' CONTENTS ‘
. (I.is‘t Of Experimcuts For ‘The Commercial Edition*)

GroszE@em;m

CHAPTER I (The Science of
Chemical Change)
E-1 Initial and Final States of Systems

E2 Ideas, Thought and Experitientation
E-3 Characteristic Properzies and

Identificatiza
CHAPTER II (Mixtures aand
Chemical Change)

E4 A Chemical System—A Solutiop -
E-5 The Formation of 2 Precipitate—
A Chemical Change
E-6 Properties 2nd Chemical Change
CHAPTER III (Gases, Molecules,
and Masses)
E-7 The Establishment of 2 Chemical
uation
E-8 Heat and Temperatare
E9 The Transfer of Heat

CHAPTER 1V " (Blectricity and

Matter)

BE-iI0 The Effect of Electrical Energy on a
Chemical System

E-11 Electrical Energy and Chemiczal Change

CHAPTER V (Chdrge Separation
and Energy)

E-1l Solubility and Charge Separation

E-13 lrteraction and Charge Separation
E-14" The Reactiop Capacity of 2 Solution
CHAPTER VI (Blectrical Nautuse
of Matter)

XT3 Separation as 2 Method ofAm.lyus

CEAPTER VII (Electrons, Nuclei,
and Charge Clouds)

E-16 The Geometry of Charge Clond:
E-17 Proton Traasfer

CHAPTER VIII (Kinetic-
Molecular Theory)

E-18 The Displacement Rate of Gases

. E-19 The Movement of Gases Through an

Crifice
E-20 Chemical Change: The Evolution of 2
Gas

CHAPTER JX (Temperature-

Changing Capacity)

E2 Ti;eTmsferofHutDuring Change of
tste

E-22 The Heat of Formation of Solid
Ammoniara Chloride

CHAPTER X (Blecttons, Nuclei,
and Orbitals)

No experiments at ptese:é.

" CHAPTER XI (Metals;

B-23 Metals and Metallic Crystals

Groxp II Experiments

CHAPTER XII (Ionic Selids)

E-24 Chemical Changss, Enthalpies, and
Periodicity

E-25 The Magnesium Sulfate-Water System

CHAPTER XIII (Tons ia Solutions)

E-26. Identification of Substanzes by Chemical
~ Change
E-27 The Lead (i) Chlocide System

CHAPTER XIV (Free Energy)

E-28 Metals and Standard Free Energies of
Formation

E-23 Chenical Changes Involving Oxidation
State

E-30 Heat of Reaction, Electrode Potential,

and Free Eqetgy Chanage
CHAPTER XV (Concentration
Control and Chemical Change)
E-31 An Appeosch to Equilibrium
E-32 The Ion Preducts of the Lead Halides
E-33 The Chloroacetic Acid-Water System
CHAPTER XVI (Acids and Bases)
E-3¢ The Nazure of Acids and Bases

_ *Reprinted by permission of Earlham College Press, Inc., copyright owaer.
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CHEM LAB MANUAL =~ .

B35 Indmrots and Conjugate Acid-Base
Pairs :

E-36 The Sodium Hydroxide-Hydrochloric
Acid System A

CHAPTER XVII (Time.and

Chemical Change)

E37 The Magnesium-Hydrochloric Acid
System

E-38 Hydrolysis of Esters

CHAPTER XVIII (Water)

E39 The Thermal Decomposition of Hydrates
E40 The Structure of 2 Solution

E~41 Synthesis cf a Detergent

E-42
E43

E4

B4S

EB45
E47
EB48
E-49
E-50

Groxp III Experiments

_TheIonic Nature of 2 Group of Chlorides

The Maguesinm-Copper (II) Sulfaze
System :

The Systems of Alkali Chlotides and
Sodium Bicsrbonate

The Isolation of Sodium Choride i rom
Rock Sale

The Preparation of Boric Acid

Volume Changes aad Solutions -

The Decomposition of Acetoge

Hz:iogens and Halogen Compounds

Chromatography

. ramm
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APPENDIX C. CHEMICAL ¥DUCATION _MATERIAI: STUDY ‘
. ._ - 1. Laboratory Manual

CONTENTS
LABORATORY INSTRUCTIONS - ‘
LABORATORY REPORTS
EXPEFIMENT
Part]  Obsetvation and Interpreunon—-—"rem..ncn of Mwnrcmcat
1 Scientific Observation and Description
_ 2 Cbserving Regularities
{ 3  The Melting Point of a Pure Substance - ;
4  Chemistry of 2 Candle ;
Past Il An Overview of Chemistty—The Mole Concept—Avogedro’s Principle—Solutions
6  The Reaction of Solid Copper with a Solution of Silver Nitrate .
- 7 The Empirical Formuiz of 2 Compound
8  The Formu!s of 2 Hydrate T .
9  Mass Relationships in 2 Chemical Reaction ]
10  Comparing the Weights of Gases j
12 The Relation Between the Weight and Volnme of Hydrogen ‘
12 - Some Aspects of Solubility
. 13  Reactions Between Jons in Solution
3 Pare I Investigation of Chemical Reactions 5
’ 14 A Study of Keactions 1
i 15  The Heat of Reattion 3
; 16 A Study of Reaction Ratzs T ]
17 A Study of Reaction Rates II. ]
18  Apnlying Le Chzzchcr s Peinciple to Some Reversible Chemical Reactions
] 19  Chemical ;
] - 20  The Heatr of Some Aa.-“,se Reactions )
21 Indicators and the Determination of an Ionization Constant ]
' 22 A Quantitative Titration i
1 23  AaIntroduction to Oxidation-Reducticn
24  EBlectrochemical Cells i
1 25  lonic Reactions
e 'APPENDIX ‘
Al  Descriptioa of 2 Burning Candle -
A2 Laboratoty Techniques - '
A3 Measurement-Metric System
A4 Some Mathematics Usefu! in Chemistry—Exponents, Adding Equations, Gr:phmg
. Relasionships
A5  Precision in Measerement-Experimental Errors
g
33
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2. Chem Study Films

(February, 1963)

-

Distributed by Modern Learning Aids, 3 East 54th Street, New York 22, M. Y,
to whom inquiries regarding prices sheuld be direcred.

GASES AWD HOW THEY
Collaborator:  Professor  George C.
Pimentel, Univessity of Califernia,
Betkeley.

This film
Avogadro’s ' sypothesis. First, some properties
that.distirguish gases are shown. Ther, the
volume ©f ammonia and hydrogen chloride
that combine are measured quantitatively. The
volume ratio is found co be 1.0, In a similar
way, simple integer volume ratios are mes-
sured for the combination of hydrogen and
oxygen, of pitric oxide and oxygen, and of
bydrogen 20d chlorine. These simple integer
ratios lead, logically, to Avogadro's Hy-
pothesis. . :

#4103 22 minutes In color

CHEMICAL FAMILIES
Collaborators: Dr. J. Leland Hollenberg,
CHEM Study Staff, and Professor J.
Arthur Campbell, Harvey Mudd College,
Claremont, California, .

Starting with 2 display of actual samples of

over 70 elements, the film demonstrates

methods by which chemical similarities among

the elements have provideg the basis for divid-

ing them Iogically into families. By experi-

ment and obsecvation; the metals, the non-
metals, and doubtful elements ace gronped.

Expetimentally it is shown that some of the

gases are chemicaliy reactive and some ece

inere. The fact shat elements with seomic
numbers one less 1nd one more than the atomic
numbers of the inert gases &re reactive, peo-
vides the clue for finding the halogen and alkali
metal families. The film demonstrates how

atomic numbers have provided the kiy to the

ordering of the elements in the periodic table,
#4112 21 minates

VIBRATION OF MOLECULES
Collsborators: Professor Linus Psuling,
and Professoc Richard M. Bsdger, Cali-
fornia Institute of Technology, Pasadena.
Produced in cooperation with the
American Chemical Society.

All animation, The film shows the relationship

betwreen the structure of & molecuie and its

vibrational motions. Water, carhoa dioxide,
and mechace are discussed in detail. The forms

54

prov_des experimeutal evidence for -

In color ~

of the vibrations have bsen 20curazely calcu-
lated from gpectral data. All vibrations have
been slowed dowan by & factor of 104. The
effect of molecular collision, or absorption of
light, on molecular vibrations is illustrated.
Determination of the number of possible
vibrations and the analysis of complex vibra-
tions in terms of simple harmonic motions are
explained. “

#4113 12 minutes In colo:

INTRODUCTION TO REACTION
KINETICS
Collaborator: Professor Henry Eyring,
Chiversity of Utah, Salt Lake City. Pro-
duced in cooperation with the Americzn
Chemica! Soctety.
Al animation. The film illustrates the mech-
anisms of some simple chemical reactions. It
explains the effect of temperature, activation
energy, geometry of-collision, and cacalysis
upon the rate of reaction. The reaction between
hydrogen and chlorine, asd hydrogen and
iodine are used to illustrute the concepts of
the film. The speed of the action has been
slowed down by a factor of 10%. Potential
energy curves clarify the relationship between
the energy required for 2 reactior to occur and
the relative position of the reaction partjcles

before, during, and after the collision.
#4121 13 minutes I color
EQUILIBRIUM

Collaboratoe:  Professor George C.

Pimentel, Universitr of California,

Betkeley.
The film deals wita chres questicas: What is
chemical equ™inrium? How Joes the chemist
recogaize ir* How does he explain it? In
suswersing the questions the film stresses the
dynamic nature of equilibrium, Badicactive
iodine tracers are used to demonstrate the
dynamic molecular behavior of the substances
at equilibrium ie 2 closed system. An analogy
in terms of fish population in two connected
bowls, and animation usizg molecular modsls,
peesent the concepts with serikin 3 «mplicity.
#F4024 24 minutes In color
CATALYSIS

Collsborator: Professor Richard B. Powell,
University of Califoruis, Beckeley. Pro-

|
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duced in cooperation with the Macufac- .

tuting Chemists® Associaticn.
The film emphasizes that catalysts are typical
chemical reactants, being nnique only in that
catalysts are regencrated during the reaction.
It demonstrates and int three simple
catalyzed reactions: the decomposition of
formic acid, using sulfuric acid as catalyst; the
reaction between hydrogen and oxygen, using
pure platinum as catalyst; and the resction
between acidified benzidine and hydrogen
peroxide using perioxidase in human blood as
catalyst. Animation shows what takes place
on the molecular level in a caralyzed reaction.
Potenial energy curves show the relationship
between uncatalyzed and catalyzed reactions.
#4127 17 minutes * In color

ACID-BASE INDICATORS
Collaborator: Professcr J. Arthur Camp-
bell, Harvey Mudd Colicge, Claremont,
California. -

Proton-donor scceptor. theoty is used to in-

terpret the experimental bshavior of acid-base

indicators. Experimeats 20d animstion show
the effects on indicators of changing acidity.

Equilibrium consvaats of four indicators are

. . determined and the indicators arranged in

order of decreasing acid strength. The com-
petition among bases for protons is shown by
mixing the indicators and showing that each
changes coler at different total acidity.

#4130 19 minutes In color

NITRIC ACID
Collabozator: Professor Harry H. Sisler,
University of Florida, Gainesville. Pre-
duced in cooperation with the Manufac-
turing Chemists’ Association.
With live action and animation the film applies
fundamental principles to the descriptive
chemistsy of aiteic acid. It demonstrates how
nitric 2cid may act as an acid, as & base, and
as an oxidizing agent. The acidity of nitric
acid is shown in its reactions with water and
ammonis., The mechanism of nitric acid as an
oxidizing agent is discussed in terms of electric
cell potentials, rates of reactions, and “activa-
tion energies. Animation using molecular
models, activation energy carves, and poten-
tial energy diagrams graphically clarifies the
concepts of the film.
#4136 18 minutes In color

MOLECULAR SPECTROSCOPY
Collsborators: Professor Bryce Crawfoed,

e et = e e e

'CHEM STUDY FILMS

Jr., and Dr. John Overend, University of
Minnesota, Minneapolis.
This film uses laboratory experiments, molec-
ular models, 20d animation to sliow datails
of the infra-zed light absosption process and
its relation to moiscular peoperties. The film
stresses the concept of naturzl vibrational
frequencies in molecules. Farther, it demon-
strutes the use cf the infra-red spectrum in
identifying mclecules and determining their
molecular structure.
#4142 23 minutes

IONIZATION ENERGY
Collaborator: Professor Bruce ¥. Mahan,
University of California, Berkeley.

The film presents two methods of measuring

ionization energy: photo-ionization, and elec-

tron bombardment. A high vacuum system is
used with a simple conductivity cell. The
photo-ionization of sodium by the use of =
mercury light source and monochromator ic
cartied out. Theelectron bombardment method
is then demonstrated with sodium 23d three
inert gases. Animaticn shows what occurs on
the atomic level during the jonization process.
Relation of iomization enesgy to chemical

Ia color

reactivity is explained.
#4151 22 minutes In color
SYNTHESIS OF AN ORGANIC

- COMPOUND

Collaborator: Professor T. A. Geisstaan,”

"University of Californis, Los Angeles.
The film shows the synthesis of 2-butanone, a
ketone, from 2-butanol, an alcohol, as an
example of a common type of organic syathesis.
It discusses three basic steps: synthesis, puri-
fication, identification. In the synthesis,
2-butanol is oxidized by sodium dichromate
and svlfuric acid to yield 2-butanone. Puri-

" fication is accomplished by solvent extra:tion, °

followed by distillation of thie 2-butanone.
The identity of the prodace is established by
forming & solid derivative of the 2-butanone
acd determining its malting point, and is
confirmed by infra-red spectroscopy.

#4163 " 22 minutes In color

FILMS IN PREPARATION

GAS PRESSURE & MOLECULAR

COLLISIONS
Collzborator: Professor J. Arthur Camp-
bell, Harvey Mudd College, Clsremont,
Californi

The film explores the relationship hetween

33
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'CHEM STUDY FILMS .

gaseous pressure and molecular collisions. The- -~ A thormxgil study of the hydrolysis of 20 -

effects of varying the number of mol..ules per
unit of volune and of varying the temperature

. are studied.. The experimental study of the

relative rates of effusion of hydrogen, oxygen,
carbon diomde and sulfur-hexafluoride lezds to
the quantitative relationship between moleca-
lar weight, molecular velocity and absolute
temperature. Mechanical models illustrate the
experimental observations.
#4106 Black & white
CRYSTALS: PROPERTIES &
STRUCTURES
Collaborator: Professor J. Arthur Camp-
bell, Harvey Mudd College, Claremont,
California.
Crystals have plane faces, sharp edges, sharp
melting points, and may cleave easily to give
new plane surfaces. Crystals also interact with

. x-rays to produce well-defined diffraction

patterns. Such properties lead us to belisve
that crystals are composed of regular, repeating
atrangements of atoms. The film raises the
question of how we actually discover these
arrangements. Expetiments are then performed
in a ripple tank on an unknown crystalline
array so that the student sees the pr° iples
and measurements by which actual crystal
structures are determined. .

#4139 . Black & white

SHAPER & POLARITIES OF
MOLECULES -

Colizborator: Professor David Dows,

University of Southern California, Fos

Angeles, '
Observations of electrical effects, including
deflections of a stream of falling liquid by an
electrical¥iy charged rod, lead to the caacept
of moleculir ‘polarity. Covalent substances
give two types of results: some show vety
marked iateractions with electric charges,
while others give little effect. A model, or
concept, is develop.2d, based on polar and non-
polar molecules. Considerations of bond
polarity and molecular symmstry correlace the
electrical effects and their change as tempera-
ture is varied. The molecular dipole model is
extended to explain differences in solubility,
conductivity and chemicel reactivity.
#4154 In color

MECHANISM OF AN ORGANIC

‘REACTION

Collaborator: Professor Heary Rapoport,
University of Californis, Berkeley.

56

. ~
.

organic ester shows that the discovery of a2
reaction mechanism—the actual steps by
which a reactjon proceeds—includes a2 de-

tepmination of: (1) The chemical. equation, .

(D The structures of the reactants and the
products, (3) The fatz of éach atom of the
reactants, and (4) The structures of the inter-
mediate molecules. The concepts of bond
polarity and the effect of varying structures
of orie reactaat also provide valuable hints.

The use of %0 and its detection on the mass

spectrometer provide critical experimental .

data for the particular mechanism of ester
hydrolysis.

#4166 . Incoloz, ~. |

BROMINE CHEMISTRY". .
Collaborator: Dr. J. Leland Hollenberg,
CHEM Study Staff.

Experiments show the great reactivity of

bromine with metals and non-metals, givisg

products readily soluble in water. After ex-
ploring the chemical equilibrium of an aqueous
solution, & procedure is developed for the
extraction of bromine from a dilute scdinm
bromide solution such as sea water., The

. essential steps are: oxidation by chlorine to

elementary bromine, concentration in the form
cf aqueous hydrogen bromide, and reoxidation
followed by steaming-out the bromine. The
same principles which have been demonstrated
in the laboracory are then shown in operation

_ in a commercial plant which annually extracts

millions of pounds of bromine from sea water.
#4169 In-color

VANADIUM, A TRANSITION
Collaborator: Professor Robert Brasted,
Professor of Chemistry, University of
Minnesota, Minneapolis.

Vanadium is studied as a typical trassition

element, The. different oxidation states of

vanadium and their colors sze observed 2ad
then ideatified by means of a quantitative
titration of vanadium (@) solution with
cerium (V) solution. The oxidation states and
the observed colors are correlated with the
electronic structures using an orbital board.

The formation of complex ions countaining

vanadium in different oxidaticn states is

demonstrated. The variations in properties in
terms of ion size and charge density are dis-
cuszad, :

#4172 In color
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APPENDIX D. BIOLOGICAL SCIENCES CURRICULUM STUDY
1. High School Biology: -Green Version—The Laboratory

CHAPTER 1
Basic
Basic
Basic
Basic
Basic
Optional

CHAPTER 2

Basic
Basic
Basic
Optional

CHAPTER 3
Basic
Optional
Highly Rec.

CHAPTER 4.
Basic
Basic
Highly Rec.
Highly Rec.

CHAPTER 5

Bg.sic

CBAPTER 6
Basic
Basic
Highly Rec.

CHAPTER 7
Basic
Basic
Basic

Ex11
Ex 1.2
Ex13
Ex14
Ex1.5

Ex16 .

Ex21
Ex 2.2

© Ex23

‘Ex 2.4

Ex3.1
Ex3.2
Ex3.3

Ex4.1
Ex4.2
Ex4.3
“Ex 4.4

ExS.1
Ex 5.2

Ex6.1
Ex 6.2
Ex6.3

Ex71
Ex72
Ez73

(1963 Edition)

CONTENTS
Observing Livicg Things

An Experiment: The Germination of seeds
Interrelationships of Producers and Consumets
Use of the Microscope: Introduction

Use of the Mictoscope: Biological Materials
Use of the Stereoscopic Microscope

Population Growth: A Model

Study of a Yezst Population

Factors Limiting Populations :

Effect of an Abiotic Environmental Factor on a
Population

The Study of a Biotic Community
Competition Between T-~0 Species of Plaats
A Comparative Study of Habitats

Structural Chazacteristics in the Classification of slnimals
The Levels of Classification

A Dichotomous Key for Identification of Insects .
Diversity in the Animal Kingdom: A Comparative Study

Divmity in the Plant Kingdom
Diversity in the Angiosperms

A Garden of “*Microorganisms’
Experiments o Spontaneous Generation
Microscopic Study of Bacteria

Decomposing Action of Soil Microbes
Some Microbial Techniques
Investigating an Infectious Disease

57
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Highly Rec, .
Optional -
Optioaal

CHAPTER 8
‘Basic
Basic
Highly Rec,

CHAPTER &
Basic
Highly Rec,
Nighly Rec.
Highly Rec,

Highly Rec.

‘CHAPTER 10

CHAPTER 11
. Highly Rec.

CHAPTER 12
Basic
Basic
Basic
Basic
Highly Rec.
Highly Rec,

CHAPTER 13
- Basic
. Highly Rec,
Basic .
Highly Rec.
Basic
Highly Rec,
Optional

CHAPTER 14
Basic
Highly Rec,
Basic

’8

-,

* BIOLOGY (GREEN VERSION) -

Bx7.4
2x75
"Ex7$

Ex. 70.7 .

Ex8.1
Ex82
Ex83

»

Nedule-Forming Bactetia ' -

- Growing Soil Mizobes by the “Mud Pie" Technique

Soil Nematodes .

The Ahundsace of Air-Borne Micrqorganisms in Various
Schoo! Environments . .

Limiting Factors in Distribution

Temperature, Reinfall and Biome Distribution

Effects of Fire on Biomes

A Field and Laboratory Study of a Pond Community

- Making and Studying Artificial Pond Ecosystems

Effacts of Salinicy

Collection and Identification of Marine Plagkton or
Collection and Identification of Marine Organisms

Salinity and The Brine Shrimp

-

No Lzboratory Exercises
Barriers and Dispersal

Crganization and Activities of Protoplasm
Divetsity of Calls

Diffusion through 2 Membrane

Mitosis

Detection of Organic Substances

A Study of Enzyme Action

Extraction and Sepatation of Pigments from 2 Green Leaf
Food Reserves in Plants '
Loss of Water By Plants

Transport of Phosphates in Plaats -

Actiun of a Plant Eazyme

Plant Hormoues and Mechanisms of Phototropisms

Algae and Fungi )

Anstomical Structures and Physiological Processes
Maintzining Water Balancs
Muscles and Locomotion~Muscles at Work
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BIOLOGY (GREEN VERSION)

Highly Rec. Cupillary Circulatica
ional Testing Foods for Vitamin C
Highly Rec. Hydrolysis of Fats
Basic in Maa
Highly Rec, The Amount of Carbea Dioxide Produced by Man
Optionai Relationship of Radiation injcy to Metabolic Rate
CHAPTER 15
Basic Meiosis
Basic Dzvelopmeat of Chick Embeyo or Frog (as alternative)
Highly Rec. Regeneration in Planaria oc Plaats (s alternative)
Optional Growth Curve ‘
Highly Rec. Repeoduction a0d Developmeant ia Flowering Plants
Optional Beproduction in Ferns "
Optional Reproduction 2ad Life Histocy of Pine
Optionsl The Effacts of X-Radiation oa Seeds
CHAPTER 16 ]
Basic Probability f
Basic Heredity and Eavironment
Highly Rec. Hcw Genes Act ;
Basic Distinguishing Male 2nd Female Erosophils |
Basic A Cross Betwecn Two Genetic Strains of Drosophils ‘
Highly Rec. A Test Crons '
Highly Rec. Independent Inheritance ﬁ :
Optional Linkage and Crossing-Uver 3
Optionat Sex linked Inhericance 1
Basic Human Inheritence .,
Highly Rec, Geaetic Differences in Peas
Optional Neurosporz—Detacting Nutritionally Deficient Strains
Optional Neurospors—The Procedure for Crossing Serains
CHAPTER 17 §
Basic A Populations Geretics Study 3
Basic Popularions and Evolutioa 3
Highly Rec, Sickle Cells 20d Evolation ,
Highly Rec. Biological Distance !
Highly Rec, Effect of Population Size
Ortional Induction of Polyploidy :
Optional Adaptive Radiation and Convergent Evolution ¢
Cptional Competition in & Lsboratory Enviroament
CHAPTER 18 .
Highly Rec. Photoperiod and Plant Behavior -
Basic Introduction to Agimal Behavior
Highbly Rec, Light Intensicy and Fruit Fly Movement
Optional Paramecie and Blectrical Stimulation
Optional Social Relationships in Fish
Highly Rec, Tropisms
59 23
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| BIOLUGY (GREEN VERSION)

CHAPTER 19
Basic Human Peculisrities -
Optioaal Skulls of Maa and Other Primates
Basic Blood Types
CHAPTER 20 . )
: No Laboratocy Exercisec ) i
NOTICE:

This list is NOT to be construed as the official or final list of in vestiga-
tions to be included in the revised commercial editions of BSCS Biology.

Y ' A final and official list will be published and distribuzed from the )
‘ Boulder office of BSCS as soon as every revised investigation for all versions
and the four commercial blocks are complete.

(] ) JRS/cje
ﬂ BSCS (671)
3/12/63
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2. High Scheol Biology: Yellow Version—The Laboratory
(1963 Editionj

CONTENTS
SECTICN A
Supp. Ex11  (New) A Biological Problem—Malariz
Supp. Ex2-1 (old 25) Early Experiments in Spoatancous Generation
\ Basic Ex31  (old1) Using the Comnpound Microscope i
Basic Ex32  (old2) Microscope Measuremeats
Basic Ex33 (oid 9 Cells 25 Robert Hooke First Saw Them %
Basic Ex34 (cld5) Living Plant Cells (Onion Epidermis)
Basic Ex3s5  (old?7) Living Plaat Cells with Chloroplasts
Bssic Ex36 - (old9) Varieties of Animal Cells
Supp. Ex37  (old10) Living Single Celled Organisms
Basic Ex38 (old 11) Generalized Cell Structure
Supp. Ex39  (old3) Types of Microscopes
Supp. Ex41  (old21) An Introduction to Some Basic Fuactions
Supp. ExS51  (mew) The Analysis of Water
= Basic Ex61 (old 13) Diffusion Thruagh 2 Membrane E
Supp. Er62 (old 4) Activities of the Cell Membrane ]
Supp. Ex63  (old15) The Detection of Some Specific Compounds in Cells
. Basic Ex64 (old 18) Enzymes in Living Tissue
4 Supp. Ex65 (old 19) Enzyme Action on & Protein
Basic Ex66 (old 20) Factors Influencing Enzyme Acticn
. Basic Ex71 (old 23) Mitosis in Plant and Animal Cells
, Supp. Ex81  (old47) Helpful Bacteria—The Nitrogen-Fixing Bacteria
SECTION A. Total 21. (11 Basic, 10 Supplementary) | {
» SECTION B
) Basic Ex9l1 (old 29) Aa Introduction to Pdicrcbiological Techniqaes
Basic Ex92  (old26) A Garden of Micrcorganisms 1
Basic Ex101  (old 29) Staining and Observing Bacterial Cells ;‘
Supp. Ex102 (old32) Distribution of Microocganisms
Basic Ex103  (old 30) Dilution and Pure Cultures of Microorganisms 3
] Basic Ex111  (old 44) Aaribiotics and Bacteria f
' Supp. Ex112 (old37) | Temperatureand Microorganisms
Basic Ex113  (old 45) Digestion of Food by Microorganisms o :
Basic Ex114  (old 50) Bactesial Populations in Milk §
Supp. Ex11-5 (old46) Fermentaion of Sugars by Yeast and Bacteria

‘ SECTION C
Basic Exi21  (old 108) Comparison of Plants—Simple or Complex
Supp. Ex122 (old12) Ezperiments with Slime Mold
Supp. Ex123  (old 109E) Growing Mushrooms
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Buic Er13i  (old 111B) Green Algse, Sicaple and Complex
Baic Exil4l (old1izB) Alternstion of Generations . s
Supp. BExi42 (old113) A Primitive Vasculas Place
Bauic Exi43 (old114) The Importance of Seeds
Bauic Ex151 (old 80 The Extraction and Separation of Pigments in 2 Green Leaf .
| Basic Exi152 (cld %6) Chlocophyll and Photosynthesiz
i Supp. Ex153 (old 83) Light—A Factoe in Carbohydrate Synthesis
} Supp. Ex154  (old 1) The Scoms—A Gateway Into The Leaf
| Supp. Ex155 (cd92) ‘The Leaf—A Photosyathetic Organ
Sepp. Bxi6Z  (old 93} ‘The Stemn—Seructure 20d Function
Supp. Ex162 (old 95) The Root—An Aid to Plaat Nutrition
Basic Ex163 (old98) Traospiratica in Plants -
Supp. Ex171 (old 99B] The Flowee
Supp. Ex172 (old115) A Simple Key to Study Diffzrences in Flowering Plants
Basic Ex173  (old 100) Seeds and How they Grow
Bssic Ex174  (old 105B) Plant Reactions to Eavironment e
Supp. Bx175 (old107)- The Regulscion of Growth in Plants o
SECTION C. Total 20 (9 Basic, 11 Supplementary)
{ SECTION D
- ! Basic Bx191 (old52) Correlation of Structure and Function in Parsmecium
| Busic EBx192 (old53) sdovement of Paramecium
| Busic Ex193  (old 54) Ingestion of Food and Digestion in Pazamecium *
! Basic Bx194  (old 5%) A Study of Contractile Vacuoles in Paramecium
'. Basic Ex19-5 (olds6) Behaviot in Paramecium
| Basic Ex196 (old5?) Reproductioa in Paramecium
‘ Supp. Bxi01 (old 60} Worm Way of Life
Supp. Ex202 (old6)) Animals with Jointed Appendages
Supp. Ex203 (4 64) Foem and Fenction in the Frog
Basic Ex204 (old 63A) Principles of Aaimal Classification
Sopn.  Bx21-1 (67 Bloe) Digestica of Foodstufis
Supp. Ex221 (old68) (e Liviog Invertcheate Heart
Supp. EBx222 (old67) Capiliscy Circulation
Supp. Ex231 (o 7) The Productica of Carbon Diorxide in Human Beings
; Supp. Bx241 (cld76) Homaostasis and The Human Kidney
Basic Ex251 (old 77) Introduction to Asimal Belavioe
Supp. Ex261 (old79) Regulation of Contraction in Cardisc Muscle (heart) and
1 Smooth Muscle (stomsch) {
. | Basic Ex271  (old117) Bffects of the Reproductive Hormones on Secondary Sex P
{ Characteristics
| Basic Bx281  (old il8) Reproduction and Development of the Frog ¢
Supp. Bx282 (old 119) Chick Developmeat ‘
Sopp. Ex231  (old 120) Regeneration -
SECTION D. Total 21. (10 Besic, 11 Supplementary)
SECTION E : ;
Bssic Bx301 (old123) Drosophila Technique ’
Basic Ex302 (old 126) Randomness, Chance and Probability
62
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Basic Ex303 (old 1%) ‘The Inbetitance of One-Factor Differences
Supp. Ex304 (old12%) Independent Differances

™ Supp.  Bx3ll  (old 127) Linkage 20d Crossing-Over

: Supp. Ex312  {old 128) Sex-Linked Inheritance

Sopp. DIx321 (old131) Genetic Diffevences in Pess
Supp.  Ex322 (o 132) Nutz..ional Mutaats in Neurospora
3esic Ex331 (0ld133) A Populstion Genetics Study . C
Basic Ex332 (old129) Human Inhecitance
Besic Ex333 (old1%0) Hesudiey ead Eavironment
SECTION E. Total 11. (6 Basic, 5 Supplemen.sry)
SECIION F
Supp. Ex341 {cld 135) Effect of Selection Pressure on Allele Frequencies
Busic Bx342 (old136) Sickle Cells and Selection

Supp. BEx352 (old gren16.3)  Biclogical Distance
Bauic  Ex36l (oldgreen16) Adaptive Radistioa and Coavergeat Evolution Among

Mammals
Supp. Ex362 (oew) A Study of Foail Plants
SECYION F. Toca! 8. (2 Busic, 3 Suplementary)
) SECTION G
Supp. Ex391 (2.2 green) A Terrestrial Community
Supp. Ex39-2 (6.4 green) Ecological Succession

SECTION G. Tozal 2. (2 Supplementary)

NOTICE:

This list is NOT to be construed as the official or final list of investiga- )
tions to be included in the revised commercial editions of BSCS Biology.

A final and official list will be published and distributed from the
Boulder office of BSCS as soon 3 every revised investigation for all versions
and the four commercial blocks are complete.

JRS/cje ’
BSCS (671) '
3/12/63
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3. High School Biology: Blue Version- ~The Laboratory

(1963 Edition)
CONTENTS
The following is a fist of lsboratory exercises which appeared in the
experimental revised edition and will be used, in modified form, in the new
Iaboratory manual.
Exl An Introduction to Laboestory Wezk Ex-54 Adaptations of Plants to Photosyn-
"Ex-2  Oa Obsetving . thesis
Ex-3 A Coatrolled Quantitative Expetiment Ex-55 Absorption of Water and Transpoct of
Ex4 Effects of Varisbles on the Hearthest Materials in Placts
of Daphnia Ex-55 Capillary Circalssion
Ex-6 Use of the Monoculsr Microscope Ex-57 Cellular emposition of Blood
Ex-7 The Microscope Ex-58 Explor'ng 2 Mammalian Heart
Ex-8  The Stezeoscopic Binocular Microscope Bx-63 Measuting Carbon Dioxide Production
Ex-9 Plzat and Animal Variation in Man
Ex-11 Variation in Living Things Bx-66 Hydrolysis of Fat
Ex-12 Natural Selection Observed Ex-57 Detection of Organic Nutrisats
Ex13 Microbes: Whete and How They - Ex-68 The Kidney Tchule
- Originate Ex-20 Effects of the Reproductive Hormoaes
Ex-14 Acidity and Alkaiinity on Secondary Sex Characteristics
Ex-16 Pyrosynthesis Ex-74 Stidy of the Eye
Ex-18 Formation of Coaceryates Ex-75 Ch 3
Ex-20 Activities of the Cell Membeane Ex-76 Regulstion of the Activity of Cardiac
Ex-21 Collander’s Yeast Permeability Fuperi- and Smoozh Muscle
ment Ex-30 The Regulation of Gtowth in Plants
Ex-22 Enzymes in Living Tissue Ex-81 Patterns of Growth in Plants
Ex-i3 Effects of Various Factors oa Bazyme Ex-82 The Scoma: 4 Regulative Mechanism
Activity Ex-83 A Comparison of Matsholiim in
Ex-24 Discovery of Mutaats in Bacteria Animals
Ex27 Extoaction snd Examinstionof Chlovo-  Bx-84 Bebavior of 2 Slime Mold
plast Pigments Ex-85 Ecological Succession in a2 Lsboratocy
-28 Demonstration pectrum, Abeorp Eavirooment
B2 ﬁm’w:‘il'rmmof Ex-86 Variatioes in Number of Chloroplasts
Light per Cell in Different Plants
Bx34 Mitosis Ex-87 Adapeation ofBacmutoVsrymg Salt
Ex35 Problems of Complexity—Paramecinm, Concentrations
Volvox, Hydra Ex30 Food Chains
Ex91 Physical Properties of Radiosctive
Ex-38 Varistions in Growth of Polkn Ex-52 Effect of Radistion on Microoeganisms
Ex33 Regeneration in Plants Ex-93 Trasspoct of Phosphate within Plants
Ex41 Regenecsiion in Planaris Ex-9¢ Accumulstion of Mineral Ioes in
Ex42 Development of the Chick Embeyo Different Organs of an Animal,
&4

K

B e .




?
|
|
b

<
X~

Lo 2 o oy o T TP - —
BIOLOGY (BLUE VERSION)
NOTE:~— \
Thaewiﬂbewmelabmmynudiuwingwﬂ:audgmﬁadmﬂum

those in the old book under Exercises 35, 36, sad 37

NOTICE:~
This list is NOT to be construed as the official oc fical list of investigations ¢o be incloded
in the revised commercial editions of BSCS Biology.

A final 20d official list will e published and distriburr} from the Boulder office of
BSCS a5 so00a a5 every revised investigation for all versions 324 the four commerciz! blocks
are corenlete.

IRS/ec
BSCS (671)
3/12/63

3

(3]

;
i

P




APPENDIX E
GENERAL REFERENCES

AmwmAm:nmfatheMm Sclamay 20l American Association of
wm&:rmamm.m&mdmmum
Schoolz. A repore of the Joint Commission oe el Bdecetica of Teachers of Science xnd
Mathematics, Washington, D. C., 1960.

American Institutz of Physics, Physics i Year High Scheol, A Handbook for the
Imncovement of Physics Coutzes. NewYork,Loo@oo,Tcmm McGraw Hil! Beok
Co., Jac., 1960.

Arons, A. B. “The New High School Physics Course,” Physics Tedsy, June, 1960

Beyncn, Jobn and Burgess Scaniey. Swell Scimwce Baillings for Scboels. AvailaHe from
Educatiosial Facilities Laboratocies, 477 Madisoa Ave., New York 22, New York.

BSCS High School Biolegy. Blw Versisa—P.igxsl Sciemcas: Moinsles te Mon.
Boston: Houghtoa-Mifflin Compaay.

Gtos Versiom—High School Bislsgy. Chicago: Rand McNally &

Company.

Yoilne Version—DBislsgical Scionce: An Ingwiry Into Lifs. New York:
Hsrcourt, Beace & World Company.

Laborstocy Blocks—Plent Growth ewd Deselopmnt; Animal
Growtd and Desvlopamns; Miceobes: Their Greons, Nuirition and Intiraction; and Inter
wspindencs of Stracturs and Fanction. And Egcipmen: and Techuioms for the Biolszy Teaching
Labcratery. Bomn:D.C.Hu:handCompmy.

Teaier's Hondbosk—Bislsy Teacke's Hasdbwk. New Yoek:
John Wiley & Soas, Inc.

Didsgkcal Inwmstigations for Swondsey School Stwdemts—Pyssarch
Prolloms in Bislsgy for thy Scheols. New York: Deubleday & Company.

Beuner, Jetome S., The Process ef Eduntion, Carbeidge: Harvard University Press, 1960.

The CBA textbook wili be published by McGraw-Hill Book Co., Inc. under the title
Chemicel Systoms, 35d the lsboeatosy guide under the'title Inswsrigating Chomical Systoms.

Chemic:l Education Matecial Study, Lebwetary Mennal (3ed ed.) Text and Laboratory
Maaual avzilable W. H. Freeman Co., San Prancisco in Augnat, 1963.

Coazat, James B., Ox Usdurstonding Sciencs. New Haven: Yale University Press, 1951.

Glass, Bentley, “‘Perspectives: A New High School Biology Program,” Awerices
Scisatisss, Vol. 49, No. 4, December 1961, pages 524-331.

Goldsteln, Philip, How #» De a8 Experinemt. New York, Chicago: Harcourt Beace &
Co., 1957,

Haun, Robert Ry, Scics i Gownel Educotion, Dubrque, Iows; Wiliiam C. Beown,
1560, : '
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Hency, Nelson B., Ty Téiwking Sciencs Edmation, Chicsgo: The University of Chicago
Press, 1960,

Hurd, Paul DeHeret, Blolagical Education in Awericon Socmdary Schesls 1890-1940. Bio-
logical Sciences Curriculum Stady Balletin No. 1, American Institute of Biological
Sciences. Beltimore: Waverly Press, Inc., 1961. .

Gruber, Ruth, Scima and 2be New Nations. New York: Basis Books, Inc., 1961.

Joseph, Brandwein, Mocholt, Pollsck and Castrka, £ Sewcebook for bs Physical Sciences.
New York, Burlingame: Harcourt, Beace & Woeld, Inc., 1961,

Koppelman, Ray, The Now Biolog 7, First Semester Study Guide, Reading, Massachusests
and Londoa, Eaglind: Addison-Wesley Publishing Co., Inc., 1961.

Martin, W, Edgar. Facilities and Toguirewents for Scioncs and Mathowatics. U. S. Depr.
HEW, Office of Education, OE-21000, Goverament Printicg Office, 1960.

Mockolt, Brandwein and Joseph, 4 Sawcibook for the Bislsgicel Sciences. New York:
Harcoure, Beace & Co., 1958,

Nagel, Ernest, The Stracturs of Science, Problems in the Logic of Scieatific Explanation.
New Yock: Harcoure, Brace & World, Inc., 1961.

National Academy of Sciences—National Reseacch Council Commitzee on Educationsl
Policies of the Biology Council, Impreving Collsge Bislegy Teaching. Washington, D. C.:
NAS/NRGC, 1957.

National Academy of Sciences—Nations] Reseacch Council, Lebwrarwy end FlXd
Stadies in Biolsgy, A Sourcebook for Secondary Schools. New York: Hole Rinehare &
Winston, Inc., 1958.

National Association of Secondary School Principals, The Balletin, Vol. 44, No. 260,
December 1960.

National Science Teachers Associstion, Scheel Facilitius for Scimos Instraction. The
National Science Teachers Associatica, Washington 6, D. C,, 1954.

Nationsl Society for the Stody of Bducation, Rethinking Sciemy Education. Chicago:
University of Chicago Press, 1960.

Palroer, R. Roaald and William M. Rice, Lebwatories ond Classrooms for High Schogt
Physics, A Repore of the American Institute of Physics Project oo Design of Physics
Buildings. Availsble from Educational Facilities Laboratories, 477 Madisoa Ave.,
New York 22, New Yock. Repoet is & repeint of Chapeer 12 of Madars Physics Buildings,
New York: Reinhold Publishers, 1961.

Pauling, Linus, The Netwrs of the Chamicel Bond. Tthacs, New York: Coenell University
Press, 1960.

Popper, Xarl ., The Lagic of Scimsific Ditcosry. New York: Baxic Books, Inc,, 1559.

Physical Sclence Stody Committee, Loboratory Guide for Physics. Boston:D. C. Heath &

Co., 1960.
Physical Science Study Committee, Physis. Bostoa: D. C. Heath & Co., 1960.
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Reichenbach, iians, The Ris of Sciotif: Philasophy. Betkeley & Los Angeles- University
of California Press, 1953.

Rigney, Joseph W. 20d Edward 2. Fry, *Cutrent Teaching-Machine Programs”* 20d
“*Brogramming 'Sechniques,” Awdio Visusl Commecicetion Xevow, May June 1561,
Supplement 3. 1201 16¢h St., N.W.,, Washington 6, D, C.

Roe, Ann, ““The Psychology of the Scientist,” Simer, Vol. 134, No, 3477, August 18,
1961, pp. 456-459.

Rogers, Eric M., Physics for the Ingrsirisg Misd, The Methods, Nature and Philosophy
of Physical Science. Princeton, New Jersey: Princeton University Press, 1960.
Roucek, Joseph S., Tbe Challenge of Science Edwcation. New York: Philosophical Library,
1959.

Ruseell, Bertrand, The Scimtific Ostlosk, London: George Allen & Uawin Led., 1954.

Sesborg, Glean T., **New Currents in Chemical Education,’ Chemicel end Engimering
Nows, October 17, 1960.

Singer, Chatles, A Short History of Sciensific Lisas 10 1900. New York & London; Oxford
University Pross, 1959. .
Strong, Laurence E. and M. Kent Wilson, *‘Chemical Bonds: A Central Theme for
High Schoo! Chemistry,” Jowrsal of Chomical Education, Vol. 35, February 1958,
page 56.
Trump, J. Lloyd; Baynham and Dorsey, Gaide to Battw Scheels. Chicago: Rand McNally
& Co., 1961.
UNESCO, UNESCO Source Bosk for Scisscs Teacking. Anisterdam: Drekkerij Holland
N. V. 1956.
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Catalogmes and Publications of Coninxing Inserest
BSCS Newslstws and other announcements may be obtained ditectly from BSCS,
University of Colorado at Bonlder.

CHEM Study, Cetelogme of Films. Available from Modetn Learning Aids, 3 Bast 54 St.,
New York 22, New Yotk.

National Academy of Sciences—National Research Council, Pablications. Washingtoe, -

D. C.; NAS-NRC, Fall, 1958.

National Scieace Foundation, Sciewce Coxrss Imprewement Projects, Courses, Written
Matetials, Films, aod Studies Supported by the National Science Foundation. NSF
Pnbo 62'38,.% 1962.

Physical Science Stndy Committee, Catalogae of PSSC Films. Available from Modetn
Learning Aids, 3 East 54 St., New York 22, New York.

Science Education News. Published quarteely by the American Association for the
Advancement of Science, 1515 Massachusetts Ave., Washington S, D. C.

The Scioncs Teachor. Joutnal of the National Science Teachers Association. Published
monthly except January, June, July and August. 1201 16th St., N.W., Washington
6, Do c. R . -




